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I. INTRODUCTION 
In recent years it has become increasingly evident that 
poultry meat is no longer a Sunday delicacy or a Thanksgiving 
luxury. Cut-up and further processed turkey products are in­
creasing as items consumed in the American diet. In addition 
to their use in the home, further processed products fit well 
into the menu of restaurants, airlines, hospitals and schools. 
In these highly perishable raw and precooked turkey prod­
ucts, a distinct food poisoning hazard exists for a variety of 
reasons. Foremost among these are: the possibility of recon­
tamination of the product after processing, incomplete pro­
cessing and subsequent mishandling of the product at the con­
sumer level, and a combination of insanitary practices during 
processing and later mishandling by the retailer before 
delivery to the consumer. However, since these products are 
used in the home and involve small numbers of people, food 
poisoning outbreaks may be undiagnosed and/or unreported 
(Kallmann, 1963). 
The problem of Staphylococcus aureus in foods has become 
of increasing concern to the federal and local regulatory 
agencies. Elliott and Michener (I96I) presented a list of 
suggested microbiological standards for chilled and frozen 
products. They emphasized that only one state in the United 
States has laws which require a "zero" count for S. aureus. 
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The concern over the presence of coagulase positive 
staphylococci in meats appears justified in view of the alarm­
ing increase in staphylococcal food poisoning cases involving 
poultry products. However an overwhelming body of evidence is 
available to indicate that coagulase positive staphylococci 
are ubiquitous, and it would be virtually impossible to rid 
any food commodity of them. Knowledge of the extent of the 
hazard encountered with items such as further processed turkey 
products is urgently needed. 
The purpose of this study was to determine the bacterial 
loads and the incidence and numbers of coagulase positive 
staphylococci on turkey rolls, roasts, equipment and personnel 
in processing plants with a view to determining if a potential 
health hazard exists in the final products. In addition it 
was of interest to determine the role that plant sanitation, 
personnel and methods of processing play in the dissemination 
of potentially enterotoxigenic staphylococci. 
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II. REVIEW OF LITERATURE 
A. Incidence and Types of Microorganisms Associated with 
Turkey Products and Processing Plants 
1. Incidence of microorganisms 
Spoilage of poultry meat is primarily caused by the 
development of microorganisms in and on the product. Most of 
these organisms are contaminants from the plant environment 
and the bird itself. They are inoculated and reinoculated, 
accumulated and dispersed by human hands and by the equipment 
during processing operations. 
The works of Gunderson _et al. (1946), Ayres et (1950), 
and more recently Barnes (1960a), indicate that the skin of 
the bird is the main repository for these contaminating 
organisms. 
Walker and Ayres (1956) found that the number of organ­
isms present on the surface of birds increased during pro­
cessing. They suggested that this increase was caused by 
washing and handling operations during processing. They found 
p 
a median count of 32,000 aerobes/cm on chickens. Later work 
by these authors (Walker and Ayres, 1959) indicated that total 
aerobes on the skin of live turkeys were higher than on the 
p 
skin of chickens by a factor of about ten (4,700/cm as 
p 
compared with 44,000/om ). Walker and Ayres (1956), earlier 
observed a steady increase in the numbers of organisms 
4 
p 
Isolated beginning with a range of 6000-8000/cm and ending 
with 13 J 000-200,OOO/om^ for eviscerated birds. Their data in­
dicated that the evisceration procedure resulted in a decrease 
in the total aerobic count in chickens. Subsequent work by 
Walker and Ayres (1959)» on turkeys showed the same trend of 
a rise and fall for the total aerobes before and after evis­
ceration. The work of both Goresline et a2. (1951) and 
Gunderson et al. (1954) indicated the same trend. The former 
n p 
observed a count of 28,000/cm and 17,000/cm respectively on 
birds prior to and after evisceration. In the work of 
Gunderson ^  aJ.. the difference was even greater with counts 
p p 
of 26,400/cm before and 3,46o/cm after evisceration. 
Bryan (I965), working in two turkey processing plants in 
Iowa, reported a median count of 47,000 aerobic organisms per 
gram for chilled dressed carcasses, and 75»000 for the finished 
product at one plant, and median counts of 17,000 and 11,000 
per gram respectively for the same commodities at the second 
plant. He further reported finding coagulase positive staphy­
lococci on the chilled eviscerated carcasses and on the 
finished product. Walker and Ayres (1959) found the level of 
coagulase positive staphylococci on the skin surfaces of 
turkey during processing to be as high as 2,100/cm . Their 
results indicated that the highest incidence was on birds 
before evisceration. Working with cooked rolls, Bryan (I965) 
observed a median count of 20 aerobic organisms per gram, no 
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Salmonellae, and only rarely were enterococci encountered. 
Thus the cooked roll was essentially free of aerobic organisms 
and potential pathogens. 
2. Species involved 
Many different species are likely to be found on freshly 
processed poultry meat. However certain genera predominate, 
and within a short period of time after processing the psy-
chrophilic organisms soon flourish at the expense of other 
genera. Ayres et al. (1950) reported that immediately after 
processing, poultry meat exhibited the following percentages 
of organisms; chromogenic bacteria S0-60%, Pseudomonas, 
colorless cocci and similar bacteria 2Q-2S%, and miscellaneous 
species 20-25^. Several other investigators have also deter­
mined the different species present on chicken and turkey 
meat. The following table summarizes the results of some of 
these investigations. 
3. The effects of washing operations on the microbial flora 
associated with poultry meat 
Gunderson e_t al. (1946) stressed the effectiveness of 
cool, fresh, flowing water to reduce bacterial populations on 
the surface of poultry meat during processing. Drewniak 
(195^) J Shrimpton and Stevens (I96I) and Kotula et aJ_. (I962) 
all emphasized the advantage of cold water either flowing over 
the equipment or carcass or used as a spray. The work of 
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Table 1. Some of the genera of bacteria reported to be 
present on poultry meat 
Investigators 
Genus Gunderson Ayres Walker Barnes Nagel Salzer 
et al. et al. & Ayres et al. et al. et al. 
(19%%) TÏ950) (1956) (1950a) (I9FÔ) (19S7) 
Pseudomonas + + + + + + 
Mi crococcus + + + + 
Achromobacter + + + + + + 
Flavobacterium + + + + 
Bacillus + + + 
Staphylococcus + + + 
Paracolobactrum + + + 
Corynebacterium + + + + 
Microbacterium + + + 
Escherichia + + + 
Salmonella + + + 
Proteus + + + 
Alcaligenes + + + + 
Salzer ejfc al. (I965) demonstrated that washing served to re­
duce the number of bacteria on turkey giblets by a factor of 
at least ten. Further, organisms of public health signifi­
cance were either absent or present in very low numbers as a 
result of this washing. Salmonellae were recovered from 5% of 
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the giblets, however, after swabs were added directly to 
lactose pre-enrichtnent broth. 
4-. Incidence of coagulase positive staphylococci in foods 
and their importance in turkey products 
Coagulase positive staphylococci are of importance in 
foods from two points of view: (1) they can survive cold tem­
peratures and consequently can grow if foods are improperly 
refrigerated; (2) the enterotoxin produced by some staphy­
lococci is heat stable. 
That coagulase positive staphylococci occur extensively 
in foods of many kinds is a well recognized and documented 
fact today. However the history of reporting food borne dis­
eases in the United States dates back only to 1923 (Dauer, 
1961). Prior to 1952, poultry products were seldom suspected 
of being implicated in staphylococcal food poisoning outbreaks. 
This is surprising in view of the fact that staphylococcal 
food poisoning is the most widely reported type of food 
poisoning today (Ayres, 1967), and also that poultry products 
contributed to as high as 25.^% of the outbreaks occurring in 
the U.S.^ in recent years. This is in reality a reflection of 
the paucity of appropriate media and techniques for the isola­
tion of staphylococci and/or the inability to detect 
^Bryan, P. L., Ames, Iowa. I965. Data on food poisoning 
outbreaks in the U.S. Private communication. 
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enterotoxin in offending foods. The availability of such media 
(Crisley, 1964) for the rapid and accurate isolation of S. 
aureus, and the development of reliable techniques (Hall et a2. 
1965) for the detection of the toxin in food samples has done 
much to rectify this situation. 
Jordan and Hall (1931) and Tanner (1933) were among the 
first to implicate chicken meat in food poisoning outbreaks. 
Gunderson £t aJ.. (195^) were able to isolate coagulase posi­
tive staphylococci from a variety of parts of frozen packaged 
chicken purchased from a retail market. Almost all the 
samples examined were found to be positive. Among those items 
taken were giblets, pot pies (after cooking) and chicken a la 
king. 
Using tellurite glycine agar for determining the number 
of staphylococci on the surface of turkey, Walker and Ayres 
(1959) indicated that the carcass of birds before evisceration 
showed the highest staphylococcal counts. Hausler ^  al. 
(1960) isolated numerous coagulase positive staphylococci from 
Cheddar cheese involved in an outbreak of food poisoning. 
Clark et al. (I96I) isolated 62 coagulase positive strains of 
staphylococci from 39 samples of raw milk. One of six isolates 
tested for enterotoxigenicity using the kitchen test as out­
lined by Matheson and Thatcher (1955) proved to be positive. 
Clark et a2. (I961) stated that raw milk frequently contains 
staphylococci. Their results indicate that at least from the 
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epidemiological point of view, there was an equal division of 
the strains with regard to origin. They found that phage type 
42D which belongs to Group IV of the "International Set" of 
staphylococcal phages occurred in klfo of the strains examined. 
Phages of Groups I and II also lysed a significant number of 
strains indicating the presence of organisms of human origin. 
Several workers have investigated the quantitative occur­
rence of coagulase positive staphylococci in precooked frozen 
meals. Canale-Parola and Ordal (1957) found that 37 of 4-0 
frozen meat pies that they examined contained staphylococci ; 
counts of 15O-39OjOOO/gm were observed on this commodity. 
Kereluk and Gunderson (1959)j studying I88 meat pies, obtained 
counts ranging from 10 to 30,000/gm in 13^ of the pies. Jay 
(1961a) examined hamburger, round steak, beef and calf livers, 
and pork chops in four meat markets in Baton Rouge, Louisiana. 
Using three different kinds of media, tellurite glycine agar, 
staphylococcus 110 agar with egg yolk, and mannitol salt agar, 
he found that on tellurite glycine agar the counts ranged from 
0-7,400/gm and 0-l5,000/gm, for staphylococcus 110 with egg 
yolk. On the whole the lowest counts were obtained on the 
latter medium. The highest counts of coagulase positive staphy­
lococci were obtained from hamburger, and the lowest from pork 
chops. On mannitol salt agar counts ranging from 0-600,000/gm 
were obtained in winter and from 0 to 530,000/gm in summer. 
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Spllttstoesser et (I965) found relatively low staphy­
lococcal counts (7.3/gm) on frozen vegetables even where high 
total counts were in evidence. Sixty-four per cent of the 
samples of corn examined contained coagulase positive staphy­
lococci. Further, they could see no correlation between the 
total count in a product and the incidence or number of staphy­
lococci. Patterson (I965) examined 38 samples from 15 different 
meat products purchased from supermarkets and butchers' shops 
in Northern Ireland; of these 20 samples were positive for 
coagulase positive staphylococci. Using a medium devised by 
Baird-Parker, (SETGPA), (Smith and Baird-Parker, 196^) to 
isolate these staphylococci he stated that the products most 
often contaminated were: steak and kidney, liver, beef, pork 
and sausages. Genigeorgis and Sadler (I966) were able to 
isolate enterotoxigenic co_agulase positive strains from deep 
tissue of poultry livers. Of 2513 livers examined, however, 
only 40 yielded 8. aureus, and only 1 of 12? was enterotoxi­
genic. Therefore only 0.80^ of all livers examined harbored 
enterotoxic S. aureus strains. 
In preceding paragraphs, the literature has been reviewed 
on the incidence of S. aureus. It was pointed out that almost 
every packaged or fresh commodity has been found to have sig­
nificant S. aureus counts. In fact some authorities consider 
this problem to be so serious that they have recommended a 
tolerance limit of less than one 8. aureus/gram in all food 
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stuffs (Elliott and Michener, I96I). In addition, it has been 
pointed out that some states such as Massachusetts have a zero 
tolerance on S. aureus in frozen precooked foods which is en­
forceable by law (Elliott and Michener, 1961). Da Silva et 
al. (1967) have stated that turkey rolls processed in the mid­
west are essentially free of S. aureus, and as a result little 
or no hazard exists in such products. It would appear that 
the danger lies in recontamination of such a product and/or 
allowing contaminated products to remain unrefrlgerated for 
long periods of time (Saint-Martin et a2., 1951). 
5. Detection of coagulase positive staphylococci in foods and 
evaluation of media 
The need for a rapid and reliable method for detecting 
enterotoxigenic strains of S. aureus has long been recognized. 
Most of the efforts have been directed towards the development 
of media which could isolate coagulase positive staphylococci. 
The wisdom of these efforts is open to question in view of 
recent findings that have shown coagulase negative strains to 
be enterotoxigenic (Bergdoll e;t al. , I967). 
Many different types of media have been developed for the 
detection of staphylococci. Most of these, however, have been 
designed for use in hospital laboratories (Crlsley, 1964). 
This review concerns Itself with those methods and media use­
ful or potentially useful in the detection and enumeration of 
staphylococci in foods. 
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The media most often used in the United States are manni-
tol salt agar (Chapman, 1945a), staphylococcus 110 medium 
(Chapman, 1946) and modifications of it such as with the addi­
tion of egg yolk (Herman and Morelli, I96O). Other types of 
selective agents are used in addition to the lithium chloride 
and sodium chloride used in staphylococcus 110 medium. 
Potassium tellurite was incorporated into many different types 
of media with much success (Ludlam, 1949; Zebovltz et al., 
1955). The latter's tellurite glycine agar medium by far is 
the most widely used of the tellurite media. In addition, egg 
yolk (Colbeck ejb al. , 1956) has been used. Various combinations 
of these substances have been tried by different workers. The 
ensuing discussion reviews some of these combinations. 
The mannitol salt agar of Chapman utilizes the ability of 
most coagulase positive cocci to ferment mannitol. Selectivity 
was enhanced by the presence of 1.5% of NaCl. The medium has 
been used widely for the isolation of staphylococci in many 
kinds of foods, including cheese, fish sticks, shrimp, turkey, 
and tuna pies. 
With staphylococcus 110 medium, Donnelly (I962) stated 
that pigmentation was advantageous for the isolation of 
coagulase positive strains. On the other hand Crisley (1964) 
reported that he encountered difficulty with this medium in 
selecting staphylococcal colonies. A modification with egg 
yolk added was developed by Herman and Morelli and has been 
13 
extensively used in recent years. The latter workers considered 
that this medium was very useful for demonstrating quantatively 
the numbers of coagulase positive staphylococci by direct 
plating methods. 
Crisley (1964) states that in wholesome food samples the 
numbers of staphylococci are so few that in order to avoid 
overgrowth by normal flora, selective agents have to be used 
to enhance development of staphylococci. These agents--one 
such being potassium tellurite--also exerted an inhibiting 
effect on the staphylococci themselves. Yet different types 
of media have been made containing tellurite. The first and 
best known as was pointed out was that of Zebovitz e;fc al. 
(1955) • These authors designated the medium for use with meat 
staphylococci. In addition to tellurite this medium contained 
mannitol and lithium chloride. Typical staphylococci appeared 
as strikingly black colonies on this medium. Innes (I96O), 
and Jay (1961a) considered the medium to be excessively inhib­
itory, and not able to suppress completely coagulase negative 
strains. Hopton (I961) using egg yolk and azide reported 
developing a medium that would differentiate coagulase nega­
tive and positive colonies on the basis of a zone of clearing 
around coagulase positive colonies. Vogel and Johnson (I96.I) 
developed a medium containing tellurite, glycine, phenol red, 
mannitol and lithium chloride. They found that coagulase 
positive organisms would develop on the medium by 30 hours at 
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35°C or 37°C, and could be seen as black colonies on a red 
plate, sometimes with a yellow zone surrounding the colony. 
The authors stated that the medium was excellent for isolating 
coagulase positive staphylococci from foods. Subsequent work 
(Baer £t aJ.. , 1966) indicates that this medium in conjunction 
with trypticase soy broth (B.B.L.) containing 10^ NaCl was 
more efficient than staphylococcus 110 medium, polymyxin B 
agar, mannitol egg agar, and tellurite glycine agar, for iso­
lating staphylococci from random food samples. Baird-Parker 
(1962b) reported on the performance of a medium containing egg 
yolk, tellurite, glycine and pyruvate (ETGPA). He claimed 
that widespread use of the medium in 7 laboratories in Great 
Britain indicated that it was superior to other media then 
currently in use. He conceded, however, that the medium did 
have the disadvantage of being unable to differentiate some 
strains of S. aureus from Proteus vulgaris. 
Sinell and Baumgart (I965) developed a medium containing 
sodium azide, potassium thiocyanate, actidione and with China 
blue as an indicator. They compared the medium with staphy­
lococcus 110 medium, a modification of staphylococcus 110 and 
mannitol salt agar. They stated that no inhibition of S. 
aureus, strains S6 and I96E, producing enterotoxin could be 
observed. In addition, they demonstrated that the medium 
could be used to isolate staphylococci from food products. 
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Many publications have appeared comparing the efficiency 
of different media for isolation of S. aureus. Some of the 
observations reported have been conducted under in vivo con­
ditions, i.e., using food samples. Two of these investigations 
have been chosen for presentation to illustrate the wide dif­
ferences of opinion that exist regarding the best medium for 
isolating S. aureus from foods. Jay (I963) used 6 different 
types of media, and 14 different types of meat, poultry, fish, 
etc. He found the greatest number of coagulase positive 
staphylococci were isolated on staphylococcus 110 medium with 
egg yolk added. The medium of Vogel and Johnson as well as 
polymyxin agar (Finegold and Sweeney, I961) were stated to be 
distinctly inferior to the staphylococcus 110 medium with egg 
yolk. Crisley et . (I965) evaluated five selective and 
differential media for the detection and enumeration of 
coagulase positive staphylococci in foods. They used labora­
tory grown cultures as inocula, and found that a statistical 
analysis by the rank correlation method yielded the following 
evaluation in descending order of efficiency; (1) tellurite 
polymyxin agar, (2) Baird-Parker•s ETGPA, (3) tellurite 
glycine, (4) tellurite egg yolk agar, (5) staphylococcus 110 
medium with egg yolk. Needless to say, both works contradict 
each other and the observer is forced to conclude that experi­
ence, and some degree of personal judgement, are required to 
conclude which medium to use and under what conditions. 
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The media discussed thus far are those involved in direct 
plating methods. The most common medium Involved in enrich­
ment procedures for the isolation of staphylococci from foods 
is a cooked meat medium with 10^ NaCl added (Crisley, 1964). 
The medium was used in conjunction with mannitol salt agar or 
one of the egg yolk agars for confirmatory purposes. Several 
investigators have used this method to detect the presence of 
S. aureus in various foods. Carter (I96O), for example, used 
it while working with chicken pot pies. It should be empha­
sized at this juncture that enrichment procedures are usually 
used when the numbers of staphylococci are small and there is 
doubt as to the ability of direct plating methods to detect 
them. Wilson et (1959) developed an enrichment procedure 
which involved growing aliquots of the sample in a broth for 
24-28 hours, and then transferring a loopful to a confirmatory 
agar medium—usually staphylococcus 110 agar with egg yolk. 
The broth consisted of 3.7^ brain heart infusion broth, 2.0% 
mannitol, and 7.5% NaCl. Wilson £t al. (1959) tested the pro­
cedure with custard, ham, creamed chicken, and milk and found 
it to be satisfactory. 
A recent development by Raj (I965) involved initial 
growth of the organisms in the material in mannitol sorbic 
acid broth and plating on staphylococcus 110 agar with egg 
yolk followed by incubation at 45°C. The high temperature 
accelerates egg yolk precipitation. Raj stated that this 
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medium is superior to the cooked meat medium with 10% NaCl, 
and, in addition, it can be used for most probable number 
determinations.- The difficulty of preparing the medium, how­
ever, is a factor counting against its use (Crisley, 1964). 
B. Incidence of Staphylococcal Food Poisoning 
1. General survey with special reference to poultry products 
Many different types of foods have been implicated in 
staphylococcal food poisoning. Dack (1956) listed the follow­
ing foods as being among the most commonly implicated; ham 
pies, cream puffs, cheese, milk, sausage, kamaboko, chicken 
salad, bread pudding and turkey gravy. With increasing fre­
quency, potato salad and egg and turkey products have been 
added to this list in recent years (Dack, I962). The number 
of staphylococcal food poisoning cases in this country in­
volving poultry products have been found to be higher than in 
most other countries in the world (Seidel, I96O). This may 
partially be explained by the fact that the availability of 
poultry products in the U.S. is unmatched anywhere else. In 
1964, for example, over 100 million turkeys were processed 
for table use alone in this country (Salzer, 1964). 
Feig (1950) reported that about 82^ of the food poisoning 
cases in this country between the years 1945-194? were due to 
staphylococci. The number of cases rose steadily during 1951-
1953 (Dauer, 1952, 1953, 1954). Data are available to 
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indicate that by 1958, 214 of 2291 food poisoning cases in the 
U.S. were of staphylococcal etiology (Dauer and Davids, 1959) • 
Back (1962), reported that statistics accumulated for 
the years I956-I96I showed that, of 137 instances of typical 
food poisoning involving S. aureus, 23 cases involved poultry; 
14 of these were from turkey and nine from chicken. Fifty-
seven cases involved meat. Dack (I963) reported that the 
offending food was poultry meat in 1563 of 7868 incidents of 
staphylococcal food poisoning during 1957-1962. The largest 
offending food item was meat with 2386 of 7868 cases. 
Data made available by Communicable Disease Center, 
Atlanta, Georgia, (Ayres, I967), point to the fact that 17^ of 
all food poisoning outbreaks during the first 8 months of I966 
were attributable to S. aureus. 
In Europe and other countries, statistics have indicated 
that S. aureus played a lesser role in the number of reported 
food poisoning outbreaks. Seidel (I960) presented data to 
Indicate that for the years 1951-1953, 8. aureus contributed 
to 2% of all the cases reported in England and Wales. He also 
reported that in Poland between the years 1952-1957, S. aureus 
contributed to 13.1^ of all food poisoning incidents. For the 
years 1952-1956, data from Italy showed the high rate of ^5% 
of all cases (Seidel, I96O). Few, if any, of these outbreaks 
were caused by poultry products. This is in marked contrast 
to the data presented above for the United States. 
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2. Biological assay of staphylococcal enterotoxln 
Biological assay of staphylococcal enterotoxin dates back 
many years. One of the first reports to occur in the litera­
ture was that of Back et a2. (I93O). These workers investi­
gated a case of "ptomaine poisoning" involving a family which 
ate cream filled Christmas cakes. They isolated several dif­
ferent organisms and tested them on various experimental 
animals and human volunteers. One of these organisms showing 
yellow pigmented colonies, occurring in clusters microscopical­
ly, produced typical symptoms of nausea, vomiting and other 
gastrointestinal distress within three hours after ingestion 
by a human volunteer. Rabbits, mice and monkeys when admin­
istered the toxic filtrate orally or intravenously did not 
show the classical symptoms. 
Back (1956) has stated that the immense publicity given 
to Salmonella has been responsible for the delay in recogni­
tion of the role of S. aureus in food poisoning. He considered 
the modern era of staphylococcal food poisoning to date from 
1930. During the 37 years which have elapsed since then, the 
method most often used to confirm the presence of staphylo­
coccal enterotoxin has been that of biological assay. This 
trend is now changing, however. With advances in purification 
and concentration of the toxin, immunological identification 
has gradually replaced biological assay as the detection 
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method of choice, because of greater accuracy, precision and 
yield of information. 
The biological assaying of enterotoxin has utilized sev­
eral different species of animals in addition to man himself. 
Barber (1914) successfully used human volunteers to demon­
strate the toxicity of milk from a cow suffering from mastitis. 
Dack et al. (1930) used human volunteers to demonstrate entero­
toxin in sponge cake. In both the above cases, the method of 
administration was by the oral route. Dolman (19^3)» Fulton 
(1943), Davison and Dack (19^2), and others also used human 
volunteers to demonstrate the toxin. While man is by far the 
most reliable assay system for the enterotoxin, volunteers 
were not very readily obtained. Consequently, efforts were 
made to find suitable animals as test subjects. 
As has been pointed out previously, the first attempt to 
use monkeys as test animals was a failure. Further efforts 
by Barber (1914) and Dack e_t aJ_. (1930) were no more success­
ful. Jordan and McBroom (1931), however, were able to elicit a 
typical emetic response in South American monkeys. Five of 13 
monkeys vomited after being fed 5-20 ml of toxic filtrates. 
Woolpert and Dack (1933), using Macaca mulatta, found that it 
displayed the characteristic symptoms including profuse pro­
jectile vomiting within three hours after ingesting the toxin. 
When intravenous injections were used, other workers (Jordan 
and Burrows, 1933, and Davison ^  al., 1938) showed that the 
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reaction was more distinct than with oral administration. 
Several investigators have experimented with small labor­
atory animals in the hope of finding one sufficiently sensi­
tive to use as an efficient biological assay system. Guinea 
pigs, rabbits, and mice have been used. Some measure of suc­
cess was achieved by Jones and Lochhead (1939) and Gasman 
(1958) with guinea pigs but the usefulness of these animals 
has been largely restricted to demonstrating the lethal and 
dermonecrotic properties of S. aureus. Hopkins and Poland 
(19^2) stated that the young pig was a reliable test animal. 
They injected 3-4 ml per kilogram of body weight and the pigs 
vomited shortly thereafter. Appropriate controls were employ­
ed and the results indicated that upon being administered to 
monkeys, the same filtrates gave negative results. 
Wilson (1959) pointed out that inspite of the biological 
adequacy of the monkey test, the expense involved in pur­
chasing and maintenance, and the resistance of these animals 
to oral administration, tended to offset their usefulness. 
Further, Bergdoll (I963), has pointed to disparity in animal 
tests involving the monkey and the cat. For example heat 
treated filtrates of enterotoxin Types A and B, can be de­
tected both by intravenous and intraperitoneal administration 
in cats, but are nontoxic for monkeys by the intragastric 
route. Monkeys, however, as with dogs, frequently vomit 
spontaneously (Minett, I938). 
22 
The cat probably has been the most extensively used animal 
for biological assay of staphylococcal enterotoxin. Davison 
et al. (1938) injected intraperitoneal filtrates from bacteria 
grown on a semisolid nutrient agar medium, into 6-8 week old 
kittens. They reported that these filtrates which were heat 
inactivated, elicited a response in doses as small as 0.5 ml. 
Hammon (1941), using the intravenous route of injection with 
cats, reported results which he claimed were better than for 
those given intraperitonally. In addition, the animals could 
be used repeatedly. He stated that in his opinion, cats were 
easier to procure, maintain and handle than any monkeys. 
Dolman (19^3) obtained essentially identical results, using 
the same route of inoculation as Hammon. He, too, considered 
the intravenous route of administration to be superior to the 
Intraperitoneal route. However, Matheson and Thatcher (1955) 
preferred the intraperitoneal method of inoculation. 
Regardless of the method of inoculation used, the entero­
toxin, upon injecting into feline subjects, evoked a chain of 
events which was characteristic. The following description 
by Dolman and Wilson (1940) is illustrative of the sequence 
of events which was provoked in these subjects: 
In a positive reaction, the kitten displays lassi­
tude, weakness and unsteadiness, occasionally 
interspersed with bouts of restlessness, commencing 
a few minutes after injection. Strong peristaltic 
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movements may be noted which culminate in 15 
minutes to 1 1/2 hours, in the first of a series 
of attacks of retching and vomiting, which may 
recur over a period of an hour or more. Several 
loose stools may meanwhile be passed, and occa­
sionally the diarrhea is a more conspicuous fea­
ture than the vomiting. Passage of a single stool 
shortly after the injection may be disregarded. 
Control kittens should remain unaffected. 
Bayliss (1940) and Fowler (196I) have presented results 
which substantiate the earlier findings on the vomiting re­
action in cats. 
Few reports have occurred in the literature on the use of 
dogs as assay animals. Dack _et al. (1930) and Jordan and 
Burrows (1933) failed to evoke an emetic response in dogs 
using enterotoxigenic filtrates. Minett (1938), using the 
oral route, obtained positive results. However, on expanding 
his work, Minett concluded that the oral route did not give 
conclusive results, and, therefore, suggested that it was not 
a useful means of determining the presence of the enterotoxin. 
Teske (1951) showed that toxic filtrates produced by 
known enterotoxigenic strains and injected into dogs yielded 
the same classical symptoms of vomiting as described for the 
cat. Fowler (I961), in an extension of Teske's work, compared 
the dog and cat as assay animals and concluded that the dog 
was as good an indicator and, in addition, was easier to 
handle. Fowler also quantitated the toxic dose and determined 
that 0.125 ml per pound of body weight was sufficient to 
provoke a distinct reaction. 
24 
3. Production, Isolation, purification and characterization 
of staphylococcal enterotoxln In culture filtrates and 
food samples 
The nature of staphylococcal enterotoxln had eluded 
scientists for 20 years subsequent to the establishment of 
the etiology of staphylococcal enterocolitis. Needless to 
say, the detection of the toxin directly in foods had to 
supersede its Isolation, purification and chemical and physi­
cal characterization. Bergdoll et al. (1959) have stated that 
studies on enterotoxln have been difficult because of lack of 
methods for its quantitative assay. The availability of pure 
toxin, however, was made possible by the works of Bergdoll 
et al. (1959)• Previous to this date, preliminary investiga­
tion by several workers at the Food Research Institute and 
the Department of Biochemistry of the University of Chicago, 
had established certain basic properties for the toxin. It 
was found to be a water soluble protein with a molecular 
weight of 15,000-25,000, was trypsin resistant, antigenic and 
contained a high percentage of lysine. In addition it was 
found to have an isoelectric point near pH 8.5 (Bergdoll e;t 
al.,1959). 
Purification of the 8-6 toxin, subsequently designated 
Type A enterotoxln by Gasman e_t a2. (I963), was achieved by 
Bergdoll ejfc a2. (1959), in the following manner; (1) precipi­
tation at pH 3.5 with phosphoric acid (H^PO^), (2) alumina 
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absorption, (3) ethanol precipitation, (4) catlonic exchange 
using Amberlite XE-64 chromatography, (5) starch electrophoresis, 
(6) ethanol precipitation, and (7) freeze drying. Later work 
by Hibnick and Bergdoll (1959)» revealed that it had a molecu­
lar weight of 24,000 +300 and was made up of 17 amino acids, 
lysine and tyrosine occuring in the largest quantities. 
The development of practical procedures for the detection 
of staphylococcal enterotoxln got under way in 19^7 (Gasman 
and Bennett, 1965). The detection, identification and quanti­
fication of the enterotoxlns produced by strains 8-6 and EI96 
in culture filtrates had been accomplished by I96O (Gasman, 
i960). These toxins were subsequently designated as Type A 
and Type B respectively (Gasman e_t al. , I963). Type C which 
has been reported in the literature as being produced by 
strain 137 was also identified (Back, I962). A fourth type, 
Type D, has recently been reported by Gasman e_t (I966). 
The next step was the detection of the toxin directly in 
foods and determination of the concentration present. This 
was achieved by Gasman e_t al. (I963), Hall et al. (I963) and 
Read ejt al. (1965a,b) who in addition successfully detected 
enterotoxln in different foods and also determined the approx­
imate concentrations that were present. While these sophisti­
cated procedures began to be used rather widely by workers, 
centers for this type of work have slowly developed in the U.S. 
One of these revolved around Gasman at the Division of 
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Microbiology of The Food and Drug Administration in Washington, 
D.C. A second involved Hall and co-workers in Cincinnati, 
Ohio, at the Robert Taft Sanitary Engineering Center P. H. S. 
and a third, under Dack, Bergdoll and Sugiyama, has been very 
active. 
At this juncture a brief review of the immunological 
methods available for detecting and typing the toxin is appro­
priate. In general, three different methods are available. 
The first of these is the single gel-diffusion test (Crowle, 
1958) as adapted for use by Hall _et . (1963). Because the 
precipitin reaction involved is quite complicated the test can 
only be used as a crude measure of toxin in culture filtrates 
and some foods where the quantity of enterotoxin is great, 
i.e., in excess of 1 lagm. The second test, the Oakley or 
double gel-diffusion method, will detect as little as 0.05 Ugm 
of toxin. This is because the toxin and antibody in this 
test are separated by an intermediate zone of buffered agar 
which slows the rate of migration of the toxin towards the 
antibody and thus allows the reaction to proceed more slowly. 
This in turn allows the development of distinct zones of 
antigen-antibody precipitation. The third method used was 
the slide Ouchterlony method (Hall ejt al. , 1965). Briefly, 
the method utilizes the application of buffered agar fixed on 
a slide and in which holes are bored to hold the suspected 
samples and the several antibodies. Lines of precipitation 
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are formed between filtrates and antibodies which are homolo­
gous. According to Hall _et a2. (I965), the limit of sensitivity 
of this test Is on the order of 1 lagm. 
Gasman and Bennett (I965) and Hall _et . (1965)» have 
extensively reviewed the methodology available for use with 
in vivo detection of enterotoxin in foods. Methods of both 
groups of workers are essentially the same except for the fact 
Gasman and his co-workers adjusted their supernatant obtained 
after homogenlzatlon and centrifugatlon to a pH of 7-4-7.5, 
whereas Hall and his group used a pH of 6.2-6.4. Briefly, the 
procedure employed was as follows: suspected food samples and 
diluent were homogenized, centrifuged and filtered to separate 
lipoidal material. A small portion of the filtrate was tested 
by both the Oudin and Oakley tests. The remainder was sub­
jected to a procedure similar to that outlined for the purifi­
cation of the toxin. Hall et al. (I965) utilized a procedure 
in which the filtrate was passed through an Amberlite GG50 
followed by dialysis in 30% polyvlnyl-pyrolldone. This final 
preparation was again tested with the Oakley and Oudin tests. 
Gasman and Bennett (I965) used GM cellulose in place of 
Amberlite GG50 and varied the pH from 6-7-4 at different 
stages in the separatory procedure. 
Recently two other procedures have been described for 
detecting enterotoxin in foods. The first was suggested by 
Gasman and Bennett (I965) and involves use of a hemagglutina­
tion inhibition test. In the second, Freidman and White 
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(1965) reported using an immunoflucrescent method to detect 
enterotoxin B in a food sample. 
C. Phage Typing of Staphylococci with 
Special Reference to Foods 
1. Phage typing as an epidemiological tool 
Many different bacteriophages exist which lyse strains of 
aureus. Several of these have been isolated for specific 
purposes, e.g., Sl-S6 animal phages (Seto and Wilson, 1958). 
Probably the most frequently used set of phages is that of the 
Subcommittee on Phage Typing of the International Association 
of Microbiological Societies, which consists of 22 basic 
viruses (Blair and Williams, 1961). The following table lists 
the distribution of types among the five recognized groups. 
Table 2. Staphylococcus phage types classified according to 
groups 
Group Types 
I 29 52 52A 79 80 
II 3A 3B 3C 55 71 
III 6,5^ 7,75 42E,77 47,83A 53 
IV 42D 
Unclassified 187 81 
Saint-Martin £t a2. (1951) observed that the differentia­
tion of staphylococcal phage types had contributed much to our 
knowledge of the epidemiology of staphylococcal contamination 
and infections. They pointed out the fact that phages had been 
very successfully used to identify strains isolated from in­
criminated foods, and to cross check for similar strains in 
food handlers. As with the Salmonellae, phage typing of 
staphylococci frequently aided the health officer in locating 
the source in many food-poisoning outbreaks. The usefulness 
of the epidemiological approach is illustrated by the follow­
ing description of a food-poisoning episode which occurred in 
Montreal, Canada in 19^9 (Saint-Martin et al., I951). The in­
fection involved 28 persons, and symptoms appeared 2-3 hours 
after eating a Boston Pie (custard cake covered with chocolate). 
Subsequent bacteriological examination of the pie revealed 
large numbers of staphylococci of phage Type 6. It was found 
that a pastry shop made these pies in the afternoon and dis­
tributed them to peddlers in the night or the next day, without 
refrigerating them in the interim period. The cook who layered 
the custard on the pie with his hands was found to have a burn 
on his right hand which was teeming with 8. aureus Type 6. 
The conclusion was inescapable. The pies had been effectively 
inoculated with S. aureus, probably in massive numbers by the 
cook's hands. The author, also cited three other outbreaks 
involving custard and a ham potato salad. The same pattern 
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of infection was observed; handlers were found to carry the 
same phage types as the infected food, and the workers had 
visible open lesions on their hands which yielded high counts 
of S. aureus. In each case, phage typing was helpful in 
tracing the origin of the strains of S. aureus. 
The usefulness of this approach cannot be over stressed. 
Even after detecting the toxin directly in suspect foods, the 
problem of how it got there, and how to prevent a repetition 
remains unsolved. 
One of the fortunate circumstances about phage typing of 
S. aureus strains Isolated from foodstuffs, victims, and 
handlers in food borne intoxications is that the results are 
more reproducible than with the typing of hospital epidemic 
strains (Anderson and Williams, 1956). 
While epidemiologlcally, typing can aid in locating the 
source of an infection, it gives no information as to whether 
or not a particular strain is enterotoxigenic (Saint-Martin 
2t al., I95I; Munch-Petersen, I963). To date only coagulase 
positive strains of S. aureus have been found to be typable 
(Wilson and Miles, 1964). This short-coming is even more 
obvious now that coagulase negative staphylococci have been 
found to produce enterotoxin (Bergdoll £t aJ.. , I967). Further, 
it has been found that not all enterotoxigenic strains of S. 
aureus are typable (Munch-Petersen, I963). The production of 
enterotoxin has been observed, however, to be restricted to 
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certain phage type Groups—III and IV (Hobbs, 1948). In short, 
the most useful purpose for which phage typing has been 
employed involves attempts to trace the origin of outbreaks 
and by inference to hazard a guess as to whether or not the 
phage type isolated was the cause of the outbreak. Indeed, 
while presenting strong circumstantial evidence even when used 
in conjunction with animal tests, phage typing does not con­
clusively prove that the strain isolated was the offending one. 
2. The occurrence of phage Group III among staphylococci 
incriminated in food intoxication 
According to Munch-Petersen (1963)» the majority of 
strains of staphylococci that have been incriminated in food 
poisoning outbreaks belong to the Group III of the "Inter­
national Set." Data have been presented to show that for the 
years 1950 through 1962, about 65 to 75^ of the strains in­
volved belonged to Group III. Of these the most common types 
were 6 and 4?. The most common focus of Infection in these 
cases was found to be the nose, with the hands being next 
(Munch-Petersen, I963). It was found that in approximately 
83% of the 360 outbreaks involved during 1950-1962, Group III 
phages lysed the incriminated S. aureus strains. It was 
observed that Type 42D, considered to be a bovine strain, 
lysed enterotoxigenic organisms that were traced to milk 
products. It was thus possible that these organisms origi­
nated on the udders of infected cows. It would appear, that 
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Types 6 and 4? occur most frequently In meats and 42D most 
often in milk and milk products (Munch-Petersen, I963). 
A comparison of the distribution of types lysing S. 
aureus strains from different sources indicated the following; 
(1) Few of the strains from the nose, feces and lesions 
of healthy persons were lysed by Group III phages. 
(2) Few of the strains isolated from food poisoning 
cases were found to be not typable. 
(3) Staphylococci occuring in wholesome foods, showed a 
high incidence of non typable strains. 
D. Classification of the Staphylococci and Micrococci 
1. Traditional methods of classification 
IIThe genus Micrococcus provides what is probably the worst 
example in bacteriology of uncritical systematic work"(Abd-el-
Malek and Gibson, 1948). Basically two methods are available 
for the classification of microorganisms; first of these the 
traditional method envisages a system whereby organisms are 
classified on the basis of a few features judged—a priori--
to be "important." The second alms at quantitating the rela­
tionship among the organisms being classified. Within recent 
years, Increasing efforts have been expended toward quanti­
tating relationships among organisms. Probably the man most 
responsible for many of the formative ideas in this area has 
been Sneath (1957a,b, I962). The original Idea, however, 
must be credited to Michel Adanson (I763). He was the first 
to reject a priori assumptions on the importance of characters. 
Many different names have been suggested for this new method 
of classification; probably the most common name that has been 
"Numerical Taxonomy." The following discussion will concern 
itself with the traditional systems that have appeared from 
time to time in the literature. 
General agreement exists that the genera Staphylococcus 
and Micrococcus are easily distinguishable from the strepto­
cocci on the basis of the catalase test (Wilson and Miles, 
196^). The classification of the staphylococci and micrococci 
have presented a much more difficult problem. The genus 
Staphylococcus contains organisms from a wide variety of hab­
itats ranging from dust to the skin of man, dairy utensils and 
the skin of animals. Wilson and Miles (1964) stated that 
there Is a gradation from the actively fermentative patho­
genic strains that anaerobically degrade glucose (as typified 
by 8. aureus) through the staphylococci that occur in the air 
and ferment carbohydrates weakly, to the biochemically inert 
micrococci that are saprophytic. No sharp line of cleavage 
is evident. For this reason some workers such as Shaw et al. 
(1951, p. 1016) would have one genus--Staphylococcu.s. The 
















Subgroup 1 containing coagulase positive strains, was typified 
by S. aureus. Previous to Shaw et al. (1951)j Abd-el-Malek 
and Gibson (1948) had also encountered difficulty in recon­
ciling their findings on milk staphylococci with the then cur­
rent classifications. They studied 799 cultures of staphylo­
cocci and micrococci and arranged them in a continuous linear 
series. At one extreme were the pathogens; at the other, the 
thermoduric saprophytes. Three main groups made up this 
linear series. The first group containing most of the organ­
isms were "sugar ferments" and would probably include S. 
aureus. The second group contained the fewest organisms and 
was defined by obligate anaerobiosis and an inability to pro­
duce acid from sugars. 8. citreus, Sarcina lutea, would prob­
ably have been among the species assigned to this group. 
Group 3 comprised the milk micrococci, and were defined as a 
thermoduric sugar fermenting group of organisms often found in 
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pasteurized milk. Micrococcus luteus and M. varians would 
logically be placed in this group. 
It is interesting to observe that no Linnean type names 
were assigned to the organisms in these groups. 
Evans ^  . (1955) disagreed with the "lumpers." On the 
basis of aerobic and anaerobic utilization of glucose, they 
split up these gram positive cocci into the genera Micrococcus 
and Staphylococcus. Unfortunately, these investigators rather 
erroneously suggested the specific epithet "pyogenes" for the 
species S. aureus stating the species S. pyogenes was extreme­
ly homogenous. 
Breed (1957), in his organization of the genera within 
the family Micrococcaeae, continued the "splitting" trend. 
The work of Evans ejt a2. (1955) formed the basis of his ar­
rangement of the genera Staphylococcus and Micrococcus. Breed 
split the gram positive, catalase positive cocci into six 
genera—Micrococcus, Staphylococcus, Gaffkya, Sarcina, 
Methanococcus and Peptococcus. 
Subsequent workers continued the search for an acceptable 
classification for these cocci. Mossel (I962) studied 390 
strains of S. aureus and I90 coagulase negative staphylococci 
and micrococci using a limited number of tests which in his 
judgement were important. He found that virtually all of his 
coagulase positive strains were gelatin positive, but also 
that 71^ of the coagulase negative strains were gelatin posi­
tive. Rapid anaerobic dissimilation of mannitol was found in 
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95% of the S. aureus strains. All of 105 coagulase negative 
strains treated failed to ferment mannitol, and 
only seven of 40 coagulase negative facultatively anaerobic 
strains fermented mannitol. Pigmentation was judged to be of 
little value. Mossel presented a classificatory scheme for 
these catalase positive strains which is shown in Table 3. 
Table 3. Suggestion for the classification of staphylococci 
and micrococci 







anaerobic Fermentation Positive 
S. saprophyticus Facultatively 





^Different mechanisms observed. 
^Species: M. denitrificans, M. flavus, M. luteus, M. 
roseus, M. ureae, M. freudenreichii. 
Baird-Parker (1962a) studied 1250 gram positive and 
catalase positive cocci isolated from different sources. 
Using 53 morphological and physiological tests he was able to 
confirm the work of Evans et al* (1955). He recognized the 
separate genera Micrococcus, Staphylococcus and Sarcina. In 
addition, within the genus Micrococcus he recognized 6 sub­
groups and 7 within the genus Staphylococcus. Five hundred 
37 
and seventy of the isolates which could utilize glucose an-
aerobically were placed in the latter genus. This genus corre­
sponds to the genus Staphylococcus, as defined by Evans e_t al. 
(1955)» and Breed (1957). The second grouping is equivalent 
to the genus Micrococcus as defined by Breed (1957). It con­
tained 677 strains. These organisms utilized glucose 
aerobically only. The third group contained three gram posi­
tive cocci which showed cells occurring in packets. Balrd-
Parker considered this group of his isolates analogous to the 
genus Sarcina. Some differences were observed within the 
genus Staphylococcus. Within the first subgroup in this 
genus, organisms were coagulase positive, phosphatase positive 
and fermented mannitol both aerobically and anaerobically. 
The other five subgroups were all coagulase negative, and were 
distinguished from each other on the basis of differences in 
acetln production, phosphatase production, ability or inabil­
ity to ferment mannitol, and utilization of maltose and glu­
cose with the production of acid. The subgrouping of the 
genus Micrococcus revolved around acid production from lactose 
and mannitol, acetoin formation and phosphatase activity. 
Organisms in the last of the subgroups, subgroup 7, were 
observed to have little or no action on the various carbohy­
drates tested. 
Baird-Parker's work confirmed the homogeneity of the 
species S. aureus based on its ability to form coagulase (Shaw 
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et al., 1951)* The recognition of other species of staphy­
lococci and micrococci is controversial (Baird-Parker, 1962a). 
Considerable personal opinion and judgment is involved, and 
this has varied greatly over the years. 
Cowan and Steel (1964), after a comparative study of 87 
gram positive cocci, stated that all organisms which ferment 
glucose anaeroblcally should be placed in the genus Staphy­
lococcus . Those that oxidize it or do not attack it or those 
that do not grow anaeroblcally should be placed in the genus 
Micrococcus. They recommended two species of staphylococci— 
S. aureus (coagulase positive) and 8. epidermidis (coagulase 
negative). 
Baird-Parker (I965) made a study of 607 gram positive, 
catalase positive cocci, which he obtained from several dif­
ferent parts of the world. He examined them for a wide variety 
of physiological and morphological characteristics and also 
determined their chemical constituents. He again concluded 
the two genera Staphylococcus and Micrococcus were justified, 
separating them on the difference in their ability to produce 
acids from glucose anaeroblcally. Six subgroups were recog­
nized in the genus Micrococcus and 8 in Staphylococcus. He 
rejected the species M. denitrlfleans, M. halodenltrlfleans 
and M. radiodurans, stating M. denitrlfleans should be placed 
in a gram negative genus. 
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2. Numerical methods 
Hill (1959) was the first worker to attempt to quanti tate 
the relationships between the staphylococci and the micrococci. 
As has been pointed out, in the final analysis an assessment 
of the significance of any particular differential criterion 
must rest largely on a numerical basis (Wilson and Miles, 1964). 
Hill's work proved there was no easy solution to the problem 
of classifying the staphylococci and micrococci. However, he 
did demonstrate that two main branches existed and these corre­
sponded conveniently to the genera Micrococcus and Staphy­
lococcus . He stated that S. aureus, S. roseus and S. sapro-
phyticus were natural groups, whereas the S. lactis and S. 
afermentans groups were not natural. The following scheme is 
a representation of Hill's grouping of the genera Micrococcus 
and Staphylococcus (Hill, 1959s P. 282). 
Coagulase 
+ 





S. saprophyticus Glucose 
+ — 
Fermentative Non-fermentative 
(miscellaneous staphylococci) (miscellaneous micrococci) 
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Using some different strains and the same features, Hill 
et al. (1965) arrived at almost identical conclusions as Shaw 
et al. (1951); namely, that the gram-positive, catalase posi­
tive cocci can be grouped into two genera, Micrococcus and 
Staphylococcus. Hill and co-workers also employed a percent 
matching coefficient method, a density gradient method, and 
principal component analysis method, and found that the strains 
of S. roseus and S. afermentans were well separated by all 
four methods. The division of S. aureus, 8. lactis and S. 
saprophyticus strains was not distinct. Hill thus concluded 
that the sharp distinction between S. lactis and S. saprophy­
ticus was not as justifiable as his original work had indi­
cated (Hill, 1959). 
Pohja (i960), after subjecting 17I strains of "meat 
micrococci" to computer analysis, stated that 136 of these 
strains could be placed in 10 groups, all of which were within 
the S. lactis group of Shaw et a2. (1951). Five of the 
strains could be placed in the 8. saprophyticus group of Shaw 
et al. (1951). Differentiation among 10 subgroups within the 
S. lactis group was on the basis of growth in NaCl broth in 
concentrations varying from 0-15^- Pohja placed S. aureus and 
S. saprophyticus of Shaw £t al. (1951) in the genus Staphy­
lococcus , and all the other groupings in the genus Micrococcus. 
He made no attempt, however, to assign binomial combination to 
his subgroups. 
The following is an attempt to compare the groupings of 
Shaw et al. (1951), Hill (1959), and Pohja (i960). 
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1) 2 Halophilic sub­
groups 
2) 5 Halotolerant 
subgroups 
3) 4 No halotolerant 
subgroups 
including S. roseus 
non-fermentative 
micrococci 
Rosypal et a2. (I966) went a step further in classifica-
tory sophistication. They determined the DNA base composition 
of 37 strains of organisms belonging to the genera Staphylo­
coccus , Micrococcus and Sarcina, obtained from a wide variety 
of sources. Their findings are in essential agreement with 
those of Baird-Parker (I965). They placed all the gram posi­
tive cocci designated as micrococci and sarcina and which were 
able to ferment glucose aerobically, anaerobically and had 
guanine + cytosine (G+C) content of 30.7% - 37-4^ in the genus 
Staphylococcus. This was in agreement with the work of Baird-
Parker (1965). The genus Micrococcus was defined as those 
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organisms having a G + C content of 6 6 . -  73.3^, and in­
cluded all staphylococci and sarcinae that produced acid from 
glucose aerobically or not at all. Hosypal £t a2. (I966) 
found as did Baird-Parker (I965)) that M. denitrificans should 
be placed into a gram negative genus. They stated that on the 
basis of the wide G + C content range found within the genus 
Staphylococcus, it was likely that more than two species 
should be created. At best, the only clear part of this pic­
ture involves the homogeneity of the species S. aureus, as 
defined on the basis of the ability of its strains to; 
(1) Ferment glucose anaerobically 
(2) Coagulate citrated rabbit blood plasma 
(3) Ferment mannitol aerobically or anaerobically 
The necessity of having two genera is agreed upon by the 
majority of workers. (Baird-Parker, 1962a; Hill, 1959; Evans 
et al., 1955)- What is unclear is: (a) whether Sarcina should 
be abandoned and the strains therein grouped in the genus 
Micrococcus ; (b) How many species should be created in the 
genus Staphylococcus in addition to S. aureus and 8. epiderm-
idis; and (c) How many species should be created within the 
genus Micrococcus. 
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III. MATERIALS AND METHODS 
A. Evaluation of Media for the Isolation of 
Coagulase Positive Staphylococci 
1. Media used in the evaluation 
Four different media were evaluated using three replica­
tions of duplicate plates in each test. The test organisms 
used were a coagulase negative staphylococcus obtained from 
Dr. Pattee, Department of Bacteriology, Iowa State University, 
a coagulase positive S. aureus obtained from Dr. Kraft, 
Department of Dairy and Food Industry, Iowa State University, 
and P. vulgaris obtained from the Department of Bacteriology, 
Iowa State University. The media examined were: mannitol salt 
agar (Difco), staphylococcus 110 medium (Difco) with egg yolk 
(Herman and Morelli, 196O), sulfamethazine-egg tellurite-
glycine pyruvate agar (SETGPA) described by Smith and Baird-
Parker (1964) and tellurite-polymyxin-egg yolk agar (TPEY), 
Crisley (1964). Trypticase soy agar, (B.B.L.) with 6^ NaCl 
added was used to relate recoveries on the selective media to 
those on a non selective medium. 
2. Methods of inoculating and growing organisms 
After adapting the organisms to growth in trypticase soy 
broth (B.B.L.) they were incubated at 37°C for 24 hours, 
centrifuged, the cells were washed and resuspended in 0.1^  
peptone water, and plated on the selective media using a 
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spread plate method. Plates were incubated at 37°C and first 
observed after 24 hours. Final readings were made at 36 hours. 
Plates were counted for colonies typical of S. aureus. Colony 
counts were made of the other two organisms, disregarding 
whether or not colonies were typical or atypical. A statis­
tical method (Kendall, 1955)» the rank correlation method, was 
used to evaluate the results. In addition the multiple range 
test of Duncan (1955) was applied to the data. 
B. Operational Procedure in Plants 
1. Product description and method of manufacture 
From the time of slaughter to the time of incorporation 
into the final product, the turkey carcass proceeded through 
three basic areas in a processing plant. In the first area, 
which is the slaughtering and defeathering room, the bird is 
hung upon a conveyor line, killed, defeathered and the feet 
are removed. It next passes to the second area, the evis­
cerating room, where the viscera, lungs, and heads are removed. 
From here the carcasses are placed into chill tanks to be sub­
sequently packaged as whole turkey or sent to the third area, 
the further processing room. In this room the carcass is cut 
up to yield various parts, e.g., thigh meat, breast meat, etc. 
When an eviscerated turkey carcass is boned or segments cut 
from it, the cut segments are termed "further processed" 
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turkey products (Bryan, I965). The following definitions can 
be considered pertinent for classification of products. 
2. Chilled eviscerated carcasses 
These are defeathered eviscerated turkeys which have had 
their heads and feet removed. Usually, they have been stored 
overnight in vats chilled to about 5°C by the addition of 
crushed ice. These birds, as was pointed out—are, either 
packaged as whole turkeys or used to make further processed 
products. 
3. Cooked turkey rolls 
As a general rule, two types of rolls are processed in 
the U.S. For the purpose of distinguishing between them, the 
rolls are designated as the Eastern type and the Western type. 
The methods of processing are different for each. With the 
Eastern roll the turkey meat is first oven cooked in aluminum 
foil and then cooled overnight. Subsequently, the meat is 
manually forced into a synthetic casing along with meat juices, 
sealed, and then chilled in ice water. During shipping and 
marketing the product remains non frozen (Dawson, 1964). With 
the Western type roll, the turkey meat is forced into a syn­
thetic casing before being cooked. Rolls are then cooked for 
4 1/2 hours at a minimum temperature of l60°F, frozen and 
shipped frozen. During subsequent storage rolls are kept 
frozen. 
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The rolls examined in this investigation were Western 
type rolls. Two different kinds were examined, white meat 
rolls and mixed white and dark meat rolls. Knowledge of the 
specific procedures was not available for rolls manufactured 
at one plant except that the rolls were Western type, and 
contained a mixture of white and dark meat. At the other 
plants mixed rolls contained 50-60% of white meat and less 
than 3fo ingredients consisting of a mixture of sodium chloride, 
gelatin and monosodium glutamate. Final weights of rolls 
varied from 6-11 pounds depending on the plant and the opera­
tions on a particular day. In the processing method employed, 
thigh and breast portions were minced mechanically, ingredients 
added, and a fixed quantity forced into water soaked synthetic 
casings. The open end was sealed with a metal clamp, and the 
roll placed in a chill tank with chipped ice. From time to 
time, these rolls were loaded on a metal rack and the rack 
immersed in a water bath and cooked for about 4 1/2 hours at 
an internal temperature of not less than l60°P. After cooking, 
the rolls were cooled under running tap water, blast frozen, 
and stored in a freezer to await distribution. 
4. Uncooked (raw) rolls 
These are rolls processed in the same manner as cooked 
rolls, up to the cooking operation. 
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5. Turkey roasts 
Roasts are small packages of seasoned minced turkey meat 
held in a rectangular pan with a covering of skin over the 
exposed meat, and bound together by twine. All of the roasts 
examined came from Plant B and were manufactured as follows; 
About 60^ breast meat and 4-0^ thigh meat were minced, placed 
in rectangular pans covered with a layer of skin and then 
blast frozen for a short period of time. After removal from 
the blast freezer, the rolls were injected with a seasoning 
mixture and reintroduced into the freezer for storage until 
distribution. 
C. Collection of Samples and Description 
of Processing Plants 
1. Description of plants visited 
These studies were conducted in three federally inspected 
plants in Iowa and Minnesota on personnel, equipment, ingre­
dients and meat used in the preparation of turkey rolls and 
roasts. Slaughtering operations began in May and continued 
on to December and early January. In two of the Plants, B and 
C, carcasses were frozen during the slaughtering season and 
used during the winter months. In addition, in Plant B, 
chilled, eviscerated carcasses were purchased from different 
sources and boned for incorporation into the further processed 
products during the months when slaughtering was not performed. 
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Plant A 
This plant was supplied with turkeys from a relatively 
small area surrounding the plant. About 20 million pounds of 
turkey were processed annually. Most of this consisted of whole 
turkeys. The further processing operations were conducted in 
a room separate from the other processing and packaging opera­
tions. The operational procedures for killing, eviscerating 
and further processing were as follows: turkeys were hung on 
a conveyor line system, stunned with an electrical shock, slit 
at the throat and allowed to bleed for approximately 2 1/2 
minutes. Scalding was for 2 1/2 minutes at l40°F. Subsequent­
ly, the bird passed through three defeathering machines and a 
spiral picker, was automatically removed from the conveyor 
line and then passed down a chute to be manually rehung. 
Removal of fine feathers was effected manually, followed by 
singeing, spray washing and removal of the feet. Carcasses 
proceeded to the evisceration room. Following evisceration, 
inspection, and head removal, carcasses were cooled in water 
overnight. When introduced into the further processing room, 
chilled eviscerated carcasses were put on conveyors, and the 
carcasses cut into segments by workers along the line. 
Plant B 
Plant B obtained its birds from the surrounding area in 
Minnesota and Iowa. Production of whole turkey and further 
processed products was about evenly divided. During winter 
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and spring—the non killing season—attention was devoted ex­
clusively to further processed products. The operations 
described for slaughtering, evisceration, and further process­
ing were essentially the same as in those for Plant A. Plant 
B was moved from one location to another during the course of 
these investigations. The further processing room was on a 
lower level than the slaughtering and eviscerating rooms in 
the old plant; in the new plant they were on the same level 
but separated from each other. The average dally turnover at 
this plant was 7,500 turkeys. 
Plant C 
This plant produced mainly roasts, rolls, and parts and 
handled dally a volume of 200,000 pounds of turkey. Plant 
policy did not permit observation of the processing operations 
in this plant. As a result, no samples could be obtained from 
the slaughtering and evisceration rooms and this investigator 
was furnished with samples from specific locations in the 
further processing room. 
2. Sampling methods employed in the plants 
Samples were collected along the line at certain prede­
termined locations by means of a swab technique. Using this 
technique, a sterile swab moistened in a 0.1^ Bacto peptone 
water solution (Difco) was aseptlcally rolled over an area of 
2 ? 2 cm or 10 cm , delineated by sterile metal guides. The lower 
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portion of the swab stick was then broken off into a sterile 
tube containing 10 ml of a 0.1^ solution of the peptone water. 
The hands of workers in the eviscerating and further process­
ing rooms were sampled by washing with a 0.1^ peptone solution 
and collecting the washings in a sterile Mason jar. Samples 
were taken directly from the slush at the bottom of chill 
tanks. Ingredients were obtained directly from the storage 
room and placed aseptically In a plastic sandwich bag for 
subsequent laboratory sampling. Samples were returned to the 
laboratory within 3 hours, chilled, and examined the same day. 
When this was not feasible, samples were kept overnight in the 
walk-in cold room for examination the next day. 
3. Laboratory sampling of rolls, roasts, and Ingredients 
Cooked and raw rolls were examined in the laboratory as 
2 follows: Surface samples were obtained by swabbing a 10 cm 
area of the surface of cooked and raw rolls with a swab moist­
ened in peptone water. Internal sampling of rolls was per­
formed by aseptically removing surface meat with a sterile 
forceps and knife, and cutting a 30 gm portion of the Internal 
meat. This was placed in 270 ml of sterile peptone water in 
an Osterlzer jar (John Oster Mfg. Co., Milwaukee, Wise.). 
The sample was then homogenized for 2 minutes, appropriate 
dilutions were made and then plated. Ingredients were exam­
ined in the same manner using the same quantity of sample. 
All rolls tested for presence or absence of 8. aureus were 
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returned to the laboratory for examination. Ten raw rolls 
sampled for determinations of the number of staphylococci per 
2 gram and per cm , were examined in the plant. Roasts were 
obtained from Plant B, and examined in the laboratory. The 
product, which was frozen solid, was allowed to stand over­
night in a display case at 5°C to thaw. Samples were taken of 
the surface of the roast and the deep meat using the same pro­
cedure outlined for rolls. 
D. Media and the Methods Employed for Bacteriological 
Examination of Samples 
1. Total aerobic counts and incidence of staphylococci 
Total counts were made on tripticase soy agar (B.B.L.) 
using spread plates and pour plates. All total count plates 
were incubated at 15°C for 5 days. 
Qualitative estimation of staphylococci was determined by 
means of an enrichment procedure. One ml of the sample 
(usually at a 1-10 dilution) was inoculated into the medium of 
Wilson £t a2. (1959) and incubated for 24 or 48 hours at 37°C. 
Cultures showing growth were streaked onto staphylococcus 110 
medium with egg yolk, and the plates incubated for 24-48 hours 
at 37°C. Positive plates showed a zone of precipitation or 
clearing surrounding the colonies. These colonies were 
selected, grown on brain heart infusion agar (Difco), and 
stored in a refrigerator at 5-7°C for further study. 
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2. Method used to determine staphylococci quantitatively 
Ten raw roasts from Plant B were examined to determine 
the number of staphylococci present on the surface and interior 
of the sample. Dilutions of the samples were plated directly 
on to staphylococcus 110 medium with egg yolk and incubated at 
37°C for 48 hours. Observations of typical colonies were made 
as previously. 
3. Statistical methods used to evaluate the results 
The Chi Square method (Steel and Torrie, I96O) was used 
to determine if interaction between personnel and equipment 
and product in the three areas in the plant was significant. 
E. Determination of Enterotoxigenicity of S. aureus 
Strains Isolated in the Plants 
1. Growth of organisms and purification of toxin 
Twenty-three cultures were chosen at random from a col­
lection of 125 cultures isolated from turkey plants and prod­
ucts, for determination of enterotoxigenicity. In addition, 
S. aureus strain 230, and five strains of S. aureus isolated 
from a food poisoning outbreak in Eddyville, Iowa, in November 
1966 were added to these organisms for testing. Cultures were 
grown on a medium of Amigen (Mead Johnson and Company, 
Evansville, Indiana) supplemented with niacin and thiamine as 
outlined by Fowler (I96I). Ten ml of the test culture were 
used as the inoculum for 90 ml of Amigen medium. Cultures 
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were incubated for 24 hours at 37°C on a Gyrotary water bath 
shaker, model G 76 (New Brunswick Scientific Company, New 
Brunswick, N.J.). After incubation, cultures were centrifuged 
at 6500 X g for 30 minutes, filtered through a Seitz filter 
using an EK Seitz filter pad, and the pH adjusted to 7. The 
filtrate was then heat Inactivated by boiling for 30 minutes 
in a water bath at 100°C. 
2. Injection of the toxin into dogs and evaluation of the 
results 
Aliquots of each filtrate were introduced into 1 to 5 
dogs via the cephalic vein on the basis of 0.125 ml per pound 
of body weight (Figure 1). Only healthy dogs were used, and 
each was fed a small meal of fresh hamburger meat 30 minutes 
before being injected with the filtrate. Aliquots were 
brought up to the body temperature of the dog before adminis­
tration. The animals were isolated in individual cages for up 
to 5 hours after being administered the filtrates. 
A positive result was recorded when the dog vomited with­
in 3 hours after receiving the filtrate. 
Positive and negative controls were employed using a 
known enterotoxigenic strain—S. aureus—and the heated medium 
used for growing the test organisms, respectively. 
Figure 1. An adult dog being administered heat treated filtrate 
via the cephalic vein 
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F. Phage Typing of Coagulase Positive 
Staphylococci 
1. Procurement of phage type strains, methods of standard­
ization and inoculation used 
Lyophilized phages were obtained from the Sylvana Co., 
Millburn, New Jersey, and prepared by the method of Ghitter 
and Wolfson (I960). 
Twenty phages of the international set were received and 
reconstituted by the addition of 0.75 ml of trypticase soy 
broth (B.B.L.) to each lyophil. Reconstituted phages were 
next pipetted aseptically into a sterile metal receptacle con­
tained in a large petri dish (Figure 2a). A drop of each 
phage was then transferred onto the surface of a trypticase 
soy agar plate by means of the device shown in Figures 2b and 
2c. Plates were left with lids ajar, and the drops of each 
phage allowed to dry for a period of about 10-20 minutes. The 
plates were then flooded with 2 ml of a ^ -6 hr. broth culture 
of the test organism. The excess was pipetted off, the plates 
were allowed to dry, and then were incubated at 37°C. Because 
the phages used were stated to have a titer of at least 
1 3 E.T.D. xlO , they were not diluted, but were used as directed, 
3 
and the results read as lysis at R.T.D.xlO . 
^R.T.D. is that dilution which gives a 2+ reaction 
"Slightly less than confluent lysis" (Blair and Williams, 
1961). 
Figure 2. Device used to place drops of phage onto the 
surface of agar plates 
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2. Interpretation of the lytic reaction 
Following Incubation for 18-24 hrs., plates were examined 
for lysis. The lytic reaction was Interpreted as being posi­
tive or negative depending on whether or not a reaction of 2+ 
or "slightly less than confluent lysis" was observed (Blair 
and Williams, 1961). 
Phage Type 5^ was found to spread over the surface of the 
agar medium, when the bacterial cultures were pipetted onto 
the plate. In all such instances the culture was retyped so 
as to avoid the possibility of incorrect results. 
G. Classification of Strains Isolated from 
the Plants 
1. Selection of strains for study 
Twenty-five strains of gram positive, catalase positive 
cocci were chosen from among the organisms Isolated via the 
enrichment procedure of Wilson (Wilson et al., 1959) scad 
plated onto staphylococcus 110 medium with egg yolk. All but 
two of the cultures exhibited the following characteristics: 
(1) Growth on staphylococcus 110 medium with egg yolk giving 
a characteristic zone of precipitation around the colony after 
Incubation for 24-36 hrs. at 37°C; (2) Coagulase production 
on cltrated rabbit blood plasma (Dlfco). Two of the strains 
isolated from the plants and Included in the study were gram 
positive, catalase positive cocci which did not coagulate 
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plasma nor give typical zones of precipitation on staphylococcus 
110 medium with egg yolk. In addition, 6 other indicator 
organisms were used in this study. The species name, source, 
and strain designation for each of these and the other 25 
strains studied is listed in Table 4. 
2. Growth pure culture determination and preparation of 
inocula 
Prior to performing the tests, all organisms except P. 
vulgaris was streaked onto trypticase soy agar, and a single 
colony was selected. A gram stain using the method of Hucker 
(Society of American Bacteriologists, 1957) was made with each 
organism, and the smear examined with a Leitz microscope at 
1000 X with an oil immersion lens. Pure cultures were then 
inoculated into medicine dropper bottles containing 6-8 ml of 
Bacto nutrient broth (Difco) and incubated at 37°C! for 24 
hours. 
3. Inoculation procedure 
For each culture, a medicine dropper was used to inoculate 
all media employed in these tests. Drops inoculated onto 
solid media were further streaked to obtain discrete colonies. 
4. Determination of properties of the isolates 
The 52 physiological and morphological characteristics 
listed in Table 5 were determined for each of the organisms 
studied. The procedures employed in the determinations of all 
Table 4. Strains used in the computer analysis 
Species No. on Isolate Coagulase Source 
Dendrogram designation reaction 
S. aureus 1 IA.242^ + Eddyville food poisoning episode 
S. epidermidis 2 
-
Dept. of Bact. I.S.U. 
Undetermined 3 2K - Thigh meat P.P.R.^ 
S. aureus 4 1B2(INS) + Raw roll 
II II 5 5U + Hands in eviscerating room 
II II 6 3E + Scale pan P.P.R. 
II II 7 15Z + Hands in eviscerating room 
II II 8 9D + Packaging machine P.P.R. 
II II 9 6c + Roll former P.P.R. 
II II 10 I4RO + Raw roll 
II II 11 I6M + Carcass after chilling P.P.R. 
II II 12 21H + Knife P.P.R. 
^Enterotoxigenic. 
^Further processing room. 
Table 4. (Continued) 
Species No. on Isolate Coagulase Source 
Dendrogram designation reaction 
S. aureus 13 18D + Packaging machine P.P.R. 
I I  I I  l4 12Y + Hands in eviscerating room 
I I  I t  15 2 OA + Chill tank P.P.R. 
I I  f t  16 22Q^ + Thigh meat P.P.R. 
I I  I I  17 21Q^ + Thigh meat P.P.R. 
I I  I I  18 13N^ + Breast meat P.P.R. 
I t  I t  19 I6K^ + Hands P.P.R. 
I t  I t  20 82 + Hands in eviscerating room 
I t  I I  21 RR9(INS) + Roast 
I t  I I  22 230^ - + Taft Engineering Center 
I t  I I  23 IIP + Thigh meat P.P.R. 
f t  I t  24 17E^ - + Cutting board P.P.R. 
t l  I t  25 MS 149 + Taft Engineering Center 
I I  t l  26 l4z + Hands in evisceration room 
Undetermined 27 4l Roll former 
Table 4. (Continued) 







S. aureus 28 22N + Breast meat P.P.R, 
n  t i  29 12600^'^ + ATCC 
n  f t  30 RRl(INS) + Roast 
p. vulgaris 31 13315°'^ - ATCC 
^Nomenclatural type species. 
d Designated neotype species. ^ 
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Table 5* Properties used in 
organism studied 
the characterization of the 
1. Shape of cell 19. Hydrogen sulfide produced 
2. Gram stain 20. Cytochrome oxidase positive 
3. Motility 21. Reduction of litmus milk 
4. Surface growth in broth 22. Coagulation of litmus milk 
5 • Sediment in broth 23. Production of coagulase 
6. Colony form 24. Typical growth on staph. 
110 medium with egg yolk 
7. Pigmentation^ 
25. Resistance to thionin 
8. Growth in 10^ NaCl 
26. Resistance to basic fuchsin 
9. Growth in 15^ NaCl 
27. Resistance to methylene 
10. Growth in 20% NaCl blue 
11. Hemolysis on blood agar 28. Production of DNase 
12. Tyrosine hydrolysed 29. Utilization of NH^H2P0/j_ 
13. Casein hydrolysed 30. Voges-Proskauer positive 
14. Gelatin hydrolysed 31. Production of gas from 
Glucose 
15. Starch hydrolysed 
32. Anaerobic utilization of 
l6. Urea positive Mannitoi 
17. Indole produced 33. Acid from Amygdalin^'° 
18. Nitrates reduced 34. Acid from Arabinose 
^Color determinations made according to Maerz and Paul 
(1930). 
concentration of 1^ was used for each carbohydrate used. 
°The basal medium employed in determining properties 
26-44 for all species and strains was nutrient broth. An 
alcholic solution of brom thymol blue was used as an indicator 
(Society for American Bacteriologists, 1957)* 
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Table 5» (Continued) 
35. Acid from Celloblose 44. Acid from RaffInose 
36. Acid from Dextrin 45. Acid from Bhamnose 
37. Acid from Glycerol 46. Acid from Rlbose 
38. Acid from Inositol 47. Acid from Salacln 
39. Acid from Inulin 48. Acid from Sorbitol 
4o. Acid from Lactose 49. Acid from Sorbose 
4l. Acid from Mannltol 50. Acid from Sucrose 
42. Acid from Mannose 51. Acid from Trehalose 
43. Acid from Methyl Glucoslde 52. Acid from Xylose 
properties except 8, 9, 10, 12, 20, 23, 24, 25, 26, 27, 28, 
29, 31, 32 and 33 were In accordance with standard methods 
(American Society of Bacteriologists, 1957). Growth In varying 
concentrations of sodium chloride (8, 9, 10) was tested for In 
a medium made up as follows: sufficient sodium chloride was 
added to brain heart Infusion broth (Dlfco) to achieve final 
concentrations of 10%, 15% and 2Q% respectively and autoclaved 
at 121°C for 15 minutes. Hydrolysis of tyrosine (12) was 
determined by use of the method of Davis and Park (I962). The 
presence of cytochrome oxidase (20) was tested for by flooding 
24 to 48 hr. old agar plate cultures with a 1% solution of 
p-amlnodimethyl aniline oxalate (Carpenter _et , 19^7). 
Production of coagulase (23) was determined by the method of 
Chapman (1945b). Typical growth on staphylococcus 110 with 
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egg yolk (24) was Interpreted as a zone of precipitation or 
clearing surrounding a colony (Herman and Morelli, I960). 
Resistance to basic fuchsin, methylene blue and thionin (25, 
26, 27) were determined by adding the specified chemical in 
concentrations of Q.Okfo to a basal medium of brain heart in­
fusion (Difco). Production of DNase (28) was determined by 
the method of Jeffries et a2. (1957)- Utilization of ammonium 
phosphate (29) was tested for by the method given by Phoja 
(i960). Production of gas from glucose and anaerobic fermen­
tation of mannitol and glucose (31, 32, 33) were determined by 
the method of Hugh and Leifson (1953)* 
All carbohydrates were sterilized by Seitz filtering 
except adonitol, glucose, inositol, salicin and mannitol. The 
exceptions were autoclaved at 121°C for 15 minutes after being 
made as 15^ solutions. All media after inoculation were in­
cubated at 37°C, and readings were made at 2 days, 4 days and 
finally at the end of 7 days. 
5. Coding of features for data analysis 
A coding symbol (A, B, C or D) was assigned for each 
alternative state in which a property could occur. Properties 
3-53, exclusive of 7, existed as one of two mutually exclusive 
states. They were coded for computer analysis as either A or 
B depending on the test. For properties 1, 2, and 7 the 
method suggested by Lockhart and Hartman (I963) was used. A 
6? 
different symbol was assigned to each separate state in which 
a property could exist. 
6. Computer operation 
The machine employed in this analysis was the I.B.M. 36O 
Model 50 of the Iowa State University Computer Center. The 
computer method used was developed by Lockhart, Hartman and 
Smith in 19^3 (unpublished data) and is known as the "tree sort" 
method. In this method, the coded properties were transcribed 
onto data cards which were supplied to the computer. The 
machine then proceeded to collect those pairs and groups of 
strains which were alike in all their properties and printed 
up this cluster of strains to form a group. The computer next 
searched the data for those strains which differed by only one 
property and printed these. This procedure was repeated with 
the machine incrementing the number of differences by one each 
time until the strains were all grouped together in one group. 
Finally the computer was programmed to draw a dendrogram illus­
trating the relationships among the organisms based on their 
percentage similarities. 
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IV. RESULTS AND DISCUSSION 
A. Evaluation of Selective and Differential Media 
The relative effectiveness of four media in recovering a 
coagulase positive staphylococcus, a coagulase negative staphy­
lococcus and P. vulgaris is indicated in Table 6. 
Table 6. Recovery of organisms from selective media after 
incubation at 37°C for J6 hours 
7 No. of bacteria X 10 per ml 
Coagulase Coagulase 
positive negative Proteus 
Medium staphylococcus staphylococcus vulgaris 
Mannitol salt agar 86 70 TFC& 
SETGPA 97 32 50 
Staph. 110 with egg yolk 104 103 67 
TPEY 107 112 TFC 
^Too few to count. 
The results of a rank correlation test indicated that 
there was a low coefficient of concordance, hence no signifi­
cant difference between the efficiency of the media in allow­
ing isolation of coagulase positive staphylococci. As a re­
sult of this finding an analysis of variance (Table 23 in the 
Appendix) followed by Duncan's multiple range test was applied 
on the data in an effort to determine if any differences 
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existed between the ability of the media to allow growth of 
the test organisms. 
From Table 23, S_ = 27.02, and since this was too large 
y 
to declare any pair of means significantly different by use of 
Duncan's test, it can be concluded that there was no difference 
among the four media with regard to their efficiency to isolate 
S. aureus. The multiple range test was next applied to the 
recoveries of the coagulase negative strain. It was found 
(Table 7) that Baird-Parkers' medium (SETGPA) and mannitol 
salt agar were significantly more supresslve to the growth of 
this organism than were TPEY and staphylococcus 110 medium with 
egg yolk. 
Table 7. Duncan's multiple range test of differences in the 
selective ability of four media on the growth of a 
coagulase negative strain of Staphylococcus 
(a) Shortest significant ranges 
p :  ( 2 )  ( 3 )  (4) 
E: 6^.53 68.32 69.85 
Where S_ = 20.1 
(b) Results®-
Media: SETGPA Mannitol Salt Staph. 110 TPEY 
means 32.33 69.69 102.67 112.33 
®'Any two means not underscored by the same line are sig­
nificantly different. 
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P. vulgaris could not be included in this test because of 
insufficient observations. The calculations involving the 
data on this organism are included in Table 24 in the Appendix. 
At 36 hrs., this organism could not be recovered on mannitol 
salt agar or TPEY at the initial concentration of cells used 
as inocula. The recovery rates for the SETGPA and staphylo­
coccus 110 were comparatively low at 24 hrs., but it was ob­
served that the zones of precipitation around the colonies of 
S. aureus were not clear enough to be read at this time on 
TPEY and staphylococcus 110 with egg yolk. 
From these analyses, it was evident that the best medium 
for the isolation of S. aureus was mannitol salt agar, 
followed in order by SETGPA, staphylococcus 110 with egg yolk, 
and TPEY. However, there are several other considerations in­
volved in choice of a medium. 
First, the diagnosis of S. aureus on mannitol salt agar 
depends on the ability of a strain to produce acid from 
mannitol. Not all strains of coagulase positive staphylococci 
will ferment mannitol, and some facultatively anerobic coagu­
lase negative strains will ferment mannitol (Mossel, I962). 
Hence some coagulase positive strains may be missed on this 
medium, and some mannitol positive isolates may not be coagu­
lase positive. In addition, Crisley (1964) stated that the 
yellow background produced by the activity of acid producing 
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bacteria on mannitol salt agar often interferes with the 
selection of pigmented colonies for coagulase testing. 
The medium found to be next best for isolating S. aureus 
was Baird-Parker's sulfamethazine egg yolk tellurite glycine 
pyruvate agar (SETGPA). This medium, even with the addition 
of sulfamethazine, failed to suppress the growth of P. vulgaris 
as Smith and Baird-Parker (1964) stated it to be capable of 
doing. A similar observation was made by Patterson (I965) 
with regard to the unreliability of this medium. The medium, 
however, significantly suppressed the coagulase negative 
staphylococcus. Mitigating against the use of this medium, 
were the facts that it was suppressive to all the organisms 
tested, and the difficulty of obtaining the specified ingre­
dients such as Oxoid egg yolk, and tellurite from British 
Drug Houses Ltd., Poole, England, as suggested by Baird-Parker 
(1962b). In addition the medium is time consuming to make up 
and cannot be stored for longer than 24 hrs. (Baird-Parker, 
1962b). 
The tellurite polymyxin egg yolk agar (TPEY) suppressed 
the growth of P. vulgaris effectively for 36 hrs. Further, it 
permitted good growth of S. aureus in these experiments. It 
also clearly differentiated between coagulase negative and 
coagulase positive strains by means of the zone of precipitation 
that surrounded colonies of coagulase positive strains. Under 
in vivo conditions this medium did not perform as well, as 
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subsequent results will indicate, since it appeared to sup­
press the growth of coagulase positive strains. 
The egg yolk medium of Herman and Morelli (I96O), was 
considered about equal in efficiency to TPEY. This medium, 
staphylococcus 110 medium with egg yolk, clearly distinguished 
between coagulase positive and coagulase negative colonies on 
the basis of the egg yolk reaction and coagulase positivity. 
In addition, this medium could differentiate between S. aureus 
and P. vulgaris. 
In view of these results on the efficiency of the four 
media, it was decided to use staphylococcus 110 agar with egg 
yolk for the direct plating and quantitative recoveries. In 
addition to the points in favor of the medium listed in the 
previous paragraph, the following are offered as further jus­
tification for this choice: 
(1) Jay (1961a, 1963) found staphylococcus 110 with egg 
yolk to be superior to other media for the isolation of coagu­
lase positive staphylococci. 
(2) Ease of preparation and its ability to withstand 
storage. 
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B. Incidence of S. aureus on Equipment, Personnel 
and Products in Turkey Processing Plants 
1. Comparison of incidence of coagulase positive staphylo­
cocci at various location in plants 
Data on the occurrence of coagulase positive staphylo­
cocci are included in Table 25 in the Appendix. These data 
were analyzed using the chi-square method to determine if the 
incidence of coagulase positive staphylococci was dependent on 
a particular station in the processing plants. Tables 8, 9 
and 10 show these analyses for 22 visits to three plants. 
Each of the three main areas, the slaughtering and defeather-
ing area, the eviscerating area, and the further processing 
area, is shown for the three plants combined. The incidence 
of coagulase positive staphylococci in the slaughtering and 
defeathering room was independent of the station (Table 8). 
Table 9 indicates that when a = 0.05 the test is almost sig­
nificant (5.66 vs 5.99) indicating that the incidence of 
staphylococci in the eviscerating room is not quite dependent 
on the station. This increase of association with the station 
may be contributed to by the high level of incidence of S. 
aureus on the hands of the workers' in the eviscerating room. 
In the further processing room the incidence of S. aureus 
was dependent on the stations involved (Table 10). For all 
the plants analyzed collectively, stations in this area played 
a significant role in increasing the incidence of S. aureus. 
Table 8. Chi-square analysis of data on the incidence of coagulase positive 
staphylococci in the slaughtering and defeatherlng room 
Average frequency for 5 stations (12 visits) 
Infected Non Infected 
Location in 
plant Observed Expected Observed Expected Chi-square values 
Live turkey 3 4.6 9 7.4 
After scalding 3 4.6 9 7.4 
After 
defeatherlng 4 4.6 8 7.4 
Calculated X =4.65 After scraping 7 4.6 5 7.4 
Scraping 
Instrument 6 4.6 6 7.4 Tabulated = 9.49 
Total 23 37 
Hypothesis used was as follows: 
Ho ; Amount of infection was Independent of classifications of stations involved. 
Ha : Amount of Infection was dependent on the classifications of stations. 
Table 9. Chl-square analysis of data on incidence of coagulase positive staphy­
lococci in the eviscerating room 
Average frequency for 5 stations (12 visits) 
Infected Non Infected 
Location in 
plant Observed Expected Observed Expected Chi-square values 
Carcass after 
evisceration 3 4 .17 9 7 .83 
•u 
Workers hands 12 8 .35 12^ 
1—1 
.65 2 Calculated X = 5.66 
Carcass in chill 




9" 6 .52 Tabulated g = 5.99 
Total 16 30 
^Two sets of samples taken, one before and one after evisceration. 
^Hypothesis used was as follows: 
Ho ; Amount of infection was independent of classifications of stations involved. 
Ha ; Amount of infection was dependent on the classifications of stations. 
^Ten visits made to this station. 
Table 10. Chl-square analysis of data on incidence of coagulase positive staphy­
lococci in the further processing room 
Average frequency for 5 stations (minimum l6 visits) 
Infected Non Infected 
Location in 
plant Observed Expected Observed Expected Chi-sguare values 
Carcass after 
chilling 10 7 .94 10 12 .06 
Chill tank water 13 7 .54 6 11 .46 
Conveyor belt 5 8 .33 16 12 .67 
Thigh meat 16 11 .90 l4 18 .10 
Breast meat 9 11 .90 21 18 .10 
Work table (top) 7 8 .73 15 13 .27 
Cutting board 5 8 .33 16 12 .67 
Knives 5 8 .73 17 13 .27 
Workers• hands 17 8 .33 4 12 .67 
Workers' gloves 3 7 .14 15 10 .86 
Ingredients 0 8 .73 22 13 .27 
Scales 9 8 .73 13 13 .27 
Table 10. (Continued) 
Location in 
plant 
Average frequency for 5 stations (minimum l6 visits) 
Infected Non Infected 
Observed Expected Observed Expected Chi-square values 
Roll former 8 
Raw roll (outside)12 
































The results from each Individual plant were then exam­
ined to determine if the same conclusions could be obtained 
for separate plants. The result of this analysis is presented 
in Table 11. 
The analysis indicates that the incidence of S. aureus 
was significantly associated with further processing opera­
tions in each plant. Further, the extent of infection in the 
slaughtering and defeathering room was very much higher in 
Plant A than in Plant B. This is difficult to explain since 
both plants seemed to have efficient sanitary procedures and 
good equipment. In addition, for most of the period during 
which this investigation was undertaken (the first eleven 
visits), Plant B was situated in an old building which had 
facilities that appeared less adequate than those of Plant A. 
However, Plant B employed a full-time analyst who made frequent 
checks on the total aerobes and coliforms present on equipment, 
ingredients and products during and after processing. These 
tests may have resulted in better sanitary control in the 
slaughtering and defeathering room in Plant B than in Plant A. 
Plant B also had a lower incidence of coagulase positive 
staphylococci in the eviscerating room than observed for 
Plant A. 
Examination of the third area, the further processing . 
room, shows that Plant B had a higher incidence of coagulase 
positive staphylococci than either Plant A or Plant C. 
Table 11. Chi-square analysis of data on the incidence of coagulase positive 
staphylococci for three areas in each of the individual plants 
















defeathering 8.32 9.44 2.58 9.49 
Eviscerating 3.42 5.99 2.80 5.99 
Further 
processing 37.15 27.60 69.34 27.60 28.18 27.60 
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It was of interest to know which stations were responsible 
for the significant chi-square value shown in Table 10. One 
station in the eviscerating room and eight locations or items 
in the further processing room which showed high incidences of 
staphylococci were analyzed further. The result of this 
analysis is shown in Table 12. 
Table 12. Chi-square analysis testing the hypothesis about p 
to determine which stations were responsible for 
dissemination of S. aureus 
Station Calculated ^ Tabulated ^ 
Eviscerating room 
Hands 2.^5 3.84 
Further processing room 
Carcass after chilling 0.88 3.84 
Chill tank water 6.55^ 3.84 
Thigh meat 2.34 3.84 
Work table (top) 0.57 3.84 
Cutting board 2.21 3.84 
Knives 2.64 3.84 
Workers' hands 14.95^ 3.84 
Roll former 0.10 3-84 
^One tailed test with one degree of freedom; P= 0.05. 
^Significant at the 0.05 level. 
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The analysis showed that the two main sources in the 
plants that contribute to the increase in the occurrence of 
coagulase positive staphylococci were the chill tank water and 
the workers' hands in the further processing room. However, 
combined data for the presence of S. aureus on workers' hands 
before and after evisceration indicated that the extent of 
infection was not significantly associated with the workers' 
hands during evisceration of carcasses. 
The analyses as a whole indicated that in each of the 
three plants visited, S. aureus on the workers' hands and in 
the chill tank water were disseminated throughout the further 
processing area, and resulted in contamination of all major 
pieces of equipment examined, as well as the final raw 
products. 
C. Total Aerobes on Equipment, Personnel and Products 
1. The effect of processing on the total aerobic count on 
carcasses, personnel, and equipment in the slaughtering 
and eviscerating rooms 
The skin of the live turkey had a median count of 3800 
2 2 per cm in Plant A, and approximately 1000 per cm in Plant B. 
From that point on (Table 13) the trend of counts for the 
different stations varied somewhat between the two plants. 
In Plant A, the median counts of the skin surface remained 
approximately constant along the processing line until a 
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Table 13- Median counts of aerobic organisms recovered at 
various points on the process line In the 
slaughtering and eviscerating rooms 
Location 




Live bird 3.8 .8 
After scalding 6.8 3.8 
After defeathering 4.1 10.0 
After scraping 3.9 3.7 
Scraping instrument 238.0 9.5 
Carcass after evisceration 1.9 27.5 
Hands in eviscerating room^ 31.0 65.5 
Carcass in chill tank .5 5.2 
Carcass after chilling 21.8 20.0 
Chill tank water^ 4175.0 800.0 
^Expressed as numbers/cm^. 
^Numbers/ml. 
2 decrease to a median count of 500 per cm , was observed on the 
carcasses In the chill tank. In Plant B, on the other hand, 
there appeared to be a general tendency for the median counts 
2 to rise, beginning with 800 organisms per cm , on the live 
2 bird and increasing to 27,500 per cm , on the eviscerated car-
2 
cass. A decline to 5200 per cm was observed for the carcass 
in the chill tank. The results in Plant B are in general 
agreement with those of Walker and Ayres (1959)» for turkey, 
but in both plants the counts obtained were lower by a factor 
of about ten, and it appeared that storage in the chill tank 
overnight resulted in a rise in the total aerobic count. 
Since the chipped ice used probably did not reduce the temp­
erature of the carcass to much less than 5°C, this increase in 
the bacterial load is probably caused mainly by an increase in 
the psychrophilic flora. The total counts for workers' hands 
were about the same in both plants, but the counts for the 
chill tank water and the scraping instruments were distinctly 
higher in Plant B than in Plant A. It is difficult to explain 
either of these findings, but sanitary measures evidently 
differed in these plants. 
2. Total aerobes in the further processing room and on the 
final product 
Total aerobes on raw rolls were similar in Plant B, and 
C, as may be seen in Table l4. These counts do not appear to 
be inordinately high considering handling that the product 
undergoes during processing. The median counts for the thigh 
and breast meats were similar in Plants A and B, but on the 
order of a factor of ten less in Plant C. In Plant B, where 
most of the observations were made, the numbers of aerobic 
organisms per gram of finished product were similar to the 
numbers found by Bryan (I965) on the same commodities in two 
plants in Iowa. Counts of 99jOOO/gm and 80,000/gm were found 
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Table l4. Median counts of aerobes at various points in the 









Carcass after chilling 21.8 20.0 .3 
Conveyor belt 15.7 7.5 16.7 
Thigh meat 27.5 11.4 3.9 
Breast meat 22.0 10.4 2.7 
Work table 2.7 1.9 3.3 
Cutting board 35.5 21.5 15.9 
Knives 121.5 4.9 106.2 
Workers hands^ 560.0^ 180.0 3.6 
Workers gloves 75.0 l6.3 8.3 
Ingredients^ 2 <10 <10^ <10^ 
Scale pan 17.8 2.2 4.5 
Roll former 71.5 1.3 2.5 
Raw roll (outside) 6.3 5.6 4.3 
Raw roll (inside) 4.4 80.0 99.0 
Cooked roll (outside) <10^ <10^ <10^ 
Cooked roll (inside)° <10^ <10^ <10^ 
Packing machine 205.0 13.3 17.5 
^'Expressed as numbers/cm^. 
^Numbers/ml. 
^Numbers/gm. 
in the interior of the raw rolls in Plants C and B respective­
ly, but in Plant A a count of 4400/gm was observed. The 
numbers of total aerobes were significantly low in the ingre­
dients in all three plants—less than 100 organisms per gram. 
In addition, the cooked rolls were found to contain less than 
100 organisms per gram. Throughout evisceration and further 
processing, the workers' hands had high total counts. Con­
versely, gloves had counts significantly lower than the un­
gloved hands, and approximated the total counts found on the 
final raw product. Also, a high incidence of coagulase posi­
tive staphylococci parallelled these high total counts on the 
hands and a correspondingly low incidence of coagulase positive 
staphylococci was observed on the gloves of workers. Evidence 
has already been presented which indicated that the workers' 
hands are the main source of S. aureus in the plant. In view 
of the observation that gloves harbor less total aerobes and 
coagulase positive staphylococci it would seem that the use of 
gloves whenever possible may result in less contamination of 
meat and equipment. 
Little correlation could be discerned between total counts 
and the incidence of coagulase positive staphylococci, although 
high total counts in the chill tank water and on the hands did 
parallel high recovery rates of S. aureus at these locations. 
Many of the samplings from knives in Plant B were made during 
or shortly after the break period, so as not to interfere with 
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the processing operations. As a result, the median count at 
this station is distinctly lower than in the other plants. 
3. Quantitative estimates of coagulase positive staphylococci 
on raw rolls 
As a result of the high incidence of coagulase positive 
staphylococci observed on raw rolls, (over '70% of the rolls 
examined were positive), it was decided to determine the 
numbers of these organisms by direct plating methods on the 
uncooked and cooked final product. Initially, TPEY (Difco) 
was used, but the recovery rate was so low that it was decided 
to change to staphylococcus 110 medium with egg yolk. The 
median counts for I6 rolls examined at Plant B and C are 
shown in Table 15. The total aerobes on these rolls are 
similar to those listed in Table l4. In Plant B counts of 
2 
coagulase positive staphylococci were found to be 1^.5/cm on 
the outside of the raw rolls and 5l.0/gm on the internal 
samples. In Plant C, the number of staphylococci were low 
compared with those observed on other poultry meat products. 
Kereluk and Gunderson (1959) and Canale-Parola (1957) obtained 
numbers ranging from 10-390,OOO/gm on meat pies. Jay, on the 
other hand, using staphylococcus 110 with egg yolk, found that 
coagulase positive staphylococci ranged from 6-l5,000/gm on 
meats (Jay, 196la). Most of his counts were between 50-250/gm. 
Numbers of S. aureus on these rolls are not unduly high, and 
since this product is subsequently subjected to cooking 
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Table 15. Total aerobes and determinations of the 
coagulase positive staphylococci present 
cooked rolls 
number of 
on raw and 
Plant 
No 
Type of roll 
. of rolls 
examined 
Total aerobic 




B Raw, outside 10 13.8/cm2 l4.5/cm^ 
Haw, inside 10 251.0/gm 51.0/gm 
Cooked, outside 3 <loVcm^ 0 
Cooked, inside 3 <10^/gm 0 
C Raw, outside 6 4.8/cm^ 4.0/cm^ 
Raw, inside 6 169.0/gm 80.O/gm 
Cooked, outside 3 <lo2/cm2 0 
Cooked, inside 3 <lo2/gm 0 
temperatures of l60°F for 4 1/2 hrs. there is little likelihood 
that coagulase positive staphylococci can survive. The fact 
that no staphylococci were found on six cooked rolls examined 
indicates the correctness of this assumption. 
4. Occurrence of coagulase positive staphylococci on roasts 
Unlike the roll, the turkey roast is marketed raw, but 
frozen. The danger here is evident. Mishandling during 
transport, storage or in the kitchen could result in the 
growth of S. aureus with the possible production of entero-
toxin. As a result it was of interest to determine the extent 
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to which roasts were contaminated with these organisms. Table 
16 shows that 33^ of the roasts examined contained coagulase 
positive staphylococci. The total aerobes were on the order 
O 
of those found on the raw rolls--42.5/gni and 4.2/cm for the 
internal and external sample respectively. The rotary cleaner 
used to prepare skins which cover the rolls provided low re­
coveries of S. aureus. Although only 12 samplings were taken 
on this piece of equipment, however, it could serve to inocu­
late the roasts with coagulase positive staphylococci. 
Table I6. Median counts of aerobic organisms and coagulase 
positive staphylococci on roasts from Plant B 
Coagulase positive staphylococci 
No. No. Total aerobes 
Commodity examined positive % positive X 10^ 
Roast, inside 12 4 33 42.5/gm 
Roast, outside 12 4 33 4.2/cm^ 
Rotary cleaner 12 2 1? 38.5/cm^ 
The low recoveries of staphylococci on these roasts con­
trasted strongly with the recovery rate of slightly over 70^ 
for the raw rolls. This may be due to the fact that the roasts 
were frozen shortly after being made and remained frozen until 
they were examined. Concern regarding the food poisoning 
hazard in this product was justified by the finding that one 
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of the strains of S. aureus isolated was enterotoxigenic for 
dogs (see Table 20). 
D. Phage Typing of the Staphylococcal Isolates 
1. Phage types recovered from turkey products and processing 
plants 
Of the 119 isolates, 6l (51.3^) were phage typable. The 
phage groups represented are shown in Table 17. The largest 
number (44.3^) belonged to Group III, followed by 26.2% for 
combinations of Groups I to III, l6.4^ for the miscellaneous 
and mixed groups, 8.2^ for Group I, and k.^fo for Group II. 
None of the strains were lysed singly by type 42D, represent­
ing Group IV. 
In an effort to determine if the phage types showed any 
epidemiological patterns, they were listed by plants from 
which they were isolated. Table 18 shows the patterns for 
the three plants. 
It is evident that certain closely related phage type 
patterns existed in the three plants, although the overall 
pattern in Plant A is unique. The predominant types throughout 
the three plants are 47/54/75/83A; 187; 47; 7/83A; and 6. 
Within Plant A many of the types belong to Group I (31^) and 
a mixture of Groups I and II (8^). Further, approximately 
of the patterns involved combinations of 52/52A/80/81 and 
other types which are most often responsible for outbreaks of 
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I 5 8.2 
II 3 4.9 
III 27 44.3 
IV 0 0.0 
I to III 16 26.2 
Miscellaneous 
and mixed®' 10 l6.4 
^Combinations involving the miscellaneous group, and 
Groups I and IV, II and IV, and III and IV. 
severe sepsis in hospitals. One strain isolated from the 
manual roll former in Plant A was lysed by Type 71 and Type 
83A. Type 71 is known to be the cause of staphylococcal 
impetigo (Wilson and Miles, 1964). 
Most of the Group I and II types found in Plant A were 
isolated from workers' hands in the evisceration and further 
processing rooms, the carcass after defeathering and after 
chilling, the scraping instrument used for the removal of 
fine feathers, and the glove of a worker in the further pro­
cessing room. 
It appears that Group I and II types were well estab­
lished in this plant, since these investigations were made 
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Cutting board FPR 
Hands FPR 
Roast 
^Further processing room. 
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Table 18. (Continued) 
No. of 
Pattern Isolates Source 































1 Rotary cleaner 
1 Knife 
1 Raw roll 
1 Thigh FPR 
1 Raw roll 
1 Knife 
1 Hands FPR 
1 Roll former 
1 Raw roll 
1 Packaging machine 
1 Roast 
1 Roast 
1 Hands FPR 
1 Chill tank 
1 Thigh FPR 
1 Hand evisc. room 
1 Scale 
1 Hands FPR 
1 Cutting board 
1 Glove FPR 
1 Chill tank 
1 Carcass FPR 
1 Thigh FPR 
1 Carcass FPR 
1 Raw roll 
1 Raw roll 
1 Raw roll 
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over a period of at least a month during I966, and representa­
tives of the pertinent groups were isolated on all but one of 
the six visits. Except for the isolate with the phage type 
pattern 3^/53» it is likely that these typically human and 
septic infection types were introduced into the plant by hands 
of the workers. 
In Plant B, the predominant types belonged to Group III 
(4?^), with only 2.6% of the types belonging to Group I, the 
severe sepsis type. As many as 10.5^ of the types belonged to 
the miscellaneous group and 7'9% to Group II. Two strains, 
which were lysed by phage Type 71, were isolated from the 
cutting board and the hand of a worker respectively at this 
plant on two different visits. Both of these organisms prob­
ably came from infections on the hands of workers, indicating 
that the occurrence of the common human types 52/80 and 6/52/ 
55 found on the thigh meat and raw roll respectively were 
probably introduced onto the product by the workers themselves. 
It was not possible to determine the origin of the strains 
isolated. It is reasonable, however, to believe that strains 
isolated from contact equipment and products came from the 
hands or some other part of the body of the workers, most 
probably the nose. Although in Plant A many of the strains 
isolated belonged to Groups I and II, Munch-Petersen (I963) 
has pointed out that 64.5-9^-5^ of the strains involved in 
food poisoning in Great Britain between I95O-I962 belonged to 
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Group III, with Types 6 and 4? either alone or with others 
being the most common. In this study, the most common phage 
type encountered was 4? either by itself or in combination with 
other types. Type 6, on the other hand, was not commonly en­
countered. The incidence of Type 4? in Plant B was particular­
ly high, thus indicating the probability of the presence of 
food poisoning strains. 
In Plant C 36^ of the types belonged to Group III and 
9^ to the miscellaneous group. Combinations of Groups II and 
III, and III and IV, represented 18^ each of the remaining 
isolates. One isolate which was enterotoxigenic for dogs had 
the phage type 42D/47/53. This is interesting since 42D is 
reported to be a common type found in enterotoxigenic staphy­
lococcal strains recovered from milk. In addition, another 
strain with the pattern 6/42D was Isolated from breast meat on 
the same visit as the organism described previously, indi­
cating the possibility that these strains were introduced from 
some extraneous source onto thigh and breast meat during pro­
cessing since this phage type is usually considered to be of 
non-human origin. 
In general, the presence of closely related patterns 
within each plant suggests a common source of coagulase posi­
tive staphylococci. In Plant A, this was observed to be 
Types 52, 52/52A/8O, and would indicate a human source, prob­
ably hands or the hands and nose of workers. In Plant B, the 
main types were 4?, 47/5V75/83A, 18?, and combinations 
involving these patterns. Since the types "belonging to Group 
III are considered to be of food origin, these types were 
probably present on the products, and were being disseminated 
by the workers' hands. Finally, in Plant C, where Types 53» 
83A, and 7/83A, and combinations involving 83A, predominated, 
the same is true in that the dominant types probably occur on 
the products and are spread by manipulation during processing. 
The bacteriophage groups represented by the turkey iso­
lates are not drastically different from the results reported 
for staphylococci from other sources. Some differences do 
exist, however, as noted in Table I9. 
In the present work, the percentage of typable strains 
is distinctly lower at 51-3^ than the reports from all sources 
except shrimp (Silverman et al., I961). Since the poultry 
meat in this study was "wholesome," this finding would seem to 
be in agreement with data reported by Munch-Petersen (I963) 
which revealed a high proportion of non typable strains, as 
high as 41.5^, in fish. On the other hand. Jay (1961b, I962) 
presented data in which wholesome meat yielded high percentages 
of typable strains (71^ and 63.2^, respectively). The per­
centage of Group I strains was approximately twice that of the 
hospital isolates, but less than that reported from shrimp. 
This is in agreement with the work of Jay (I962). This rela­
tively high percentage of Group I strains which are considered 
Table 19. Comparison of phage groups of poultry isolates with some of those 
reported "by other workers from different sources 
Group 











Present study Poultry 119 51.7 8.2 4 . 9  44 .3  0.0 42 .6  47/54/75/83A; 
187 ;  47 ;  
7/83A; 6 
Jay (1962) Market Meats 272 63 .2  10.4 4 .6  60.1 1 .7  23 53/83; 83; 53 
Silverman 
et a2. (1961) Shrimp 127 44 .0  21 7 21 0 50 44A/83; 83; 79 
Fratta and 
Mann (I96O) Animals 181 73 . 0  6 4 . 5  20 26 .5  43 42D 
Koch et al. 
(19581 Hospital 1,152 66 .0 4 .2  3 .8  44.1 0.1 4 6 .7  53/83; 80/81 
Greer et al. 
(1961) Human Nares 218 73 .0  17 9 32 0 42 80/81 
Papavassiliou 
and Obiger 
( 1959 )  Milk 110 76 .4  0 0 68 2 30 77 ;  42D/77  
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to be of human origin offers further evidence in favor of the 
hypothesis that many of the strains of S. aureus were intro­
duced by workers' hands onto the turkey meat during processing. 
The percentage of Group II strains was quite similar to 
those from other sources, except milk, which is characterized 
by a high incidence of Group IV strains. No isolates were 
typable by the Group IV phage. This is in agreement with the 
results of other workers listed in Table 19j except for the 
work of Fratta and Mann (I96O) which showed a high incidence 
of Group IV among strains isolated from animals. The number 
of Group III isolates in this study is distinctly less than 
those reported by Jay (1961b, I962) and Papvassiliou and 
Obiger (1959) for wholesome foods. The relatively low inci­
dence of Group III isolates is probably a reflection, in part, 
of the fact that all the isolates were typed at ETD XIO^ which 
apparently led to a high percentage of cross reactions (see 
Table 17» where Group I to III were represented by 26.2^ of 
the isolates). Cohen et aJ_. (1962) stated that the use of 
concentrated phage preparations often leads to cross reaction 
and decreased specificity. Mitigating against the use of 
routine test dilutions is the fact that most of the strains 
isolated from wholesome foods are non typable (Munch-Petersen, 
1963) necessitating the use of increased concentrations of 
phage. In the present study, for example, ^ 9.3% of the iso­
lates were non typable even at the relatively high concentration 
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of RTD XIO^. The most common patterns observed in this study 
were different from those of other workers in some respects. 
On the one hand, the occurrence of Type 83A was similar to the 
common types found in meats and milk, but the predominance of 
Type 4? and the various combinations of this type with others 
are unique. As has been pointed out, since Types 4? and 6 and 
various combinations of these with other types are frequently 
involved in food poisoning outbreaks, a potential hazard 
definitely exists in these turkey products should conditions 
occur which would be conducive to the growth of S. aureus. 
Unlike the work of Genigeorgis and Sadler (I966), no isolate 
was recovered with the 8O/8I pattern. 
E. Use of Dogs to Detect Staphylococcal Enterotoxin 
After isolating coagulase positive staphylococci from the 
plants and products, it became of interest to know if some of 
these strains were enterotoxigenic. While rather sophisti­
cated immunological procedures were available to detect and 
type minute quantities of the various types of enterotoxin, 
the need here, as it is so often when large numbers of strains 
of staphylococci have to be screened, was for a quick but 
reliable means for detecting enterotoxin. Fowler (I96I) 
determined that the dog was as reliable a detector of staphy­
lococcal enterotoxin as the cat, easier to handle, and cheaper 
to maintain. Using Fowler's methods (Fowler, I961), 0.125 
ml/lb of body weight, of heat inactivated filtrates, prepared 
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as outlined, were injected intravenously into dogs. Since 
most of the animals weighed 25+5 lbs a standard amount of 
3.5 ml was used. The results of testing 28 strains of coagu-
lase staphylococci are shown in Table 20. Initially, three 
strains gave dubious results, one third of the dogs vomited 
after receiving heat treated filtrates of the test organisms. 
These strains were subsequently retested using pups between 
the ages of 2 and 4 months; the results of these tests are 
also included in Table 18. 
Ten of the isolates tested were enterotoxigenic by the 
dog test. Of the strains isolated from the plants and prod­
ucts, eight of 24, (33)^ produced characteristic symptoms in 
dogs. All of these isolates were recovered from the further 
processing room, and it is noteworthy that almost half (47.1^) 
of the strains tested and isolated from this area of the 
plants were enterotoxigenic. This high incidence of entero­
toxigenic strains of S. aureus emphasizes the potential hazard 
involved. 
One of the enterotoxigenic strains had the phage type 
pattern 53/83A, which was the most common pattern encountered 
by Koch et al. (1958) among 1152 hospital strains. Type 53 
by itself or in association with other types has often been 
incriminated in food poisoning outbreaks. The evidence avail­
able would seem to indicate that this typical hospital strain 
may have been introduced on to the final product by a worker. 
Table 20. Dog trials for enterotoxln production by certain of the coagulase 
positive staphylococci 
Isolate Dog/Pup Phage 


































Breast meat, PPR 
Hand, PPR 
Thigh meat, FPR 
Thigh meat, FPR 
Cutting board, FPR 
Raw roll, inside 
Raw roll, inside 
Roast, inside 
Eddyvllle food poisoning episode 
Eddyvllle food poisoning episode 
Taft Engineering Center, P.H.S. 
Carcass after defeathering 
Knife, FPR 
Workers' hand (evisc. room) 
Live bird 
Carcass after chilling 
a Not typable. 
^Further processing room. 
'Severe reaction. 
d Positive control. 
Table 20. (Continued) 
Isolate Dog/Pup Phage 






























Carcass after chilling 
Cutting board, FPR 
Thigh meat, FPR 
Workers' hand (evisc. room) 
Workers' hand (evisc. room) 
Workers' hand, FPR 
Packaging machine, FPR 
Raw roll, inside 
Hand, FPR 
Breast meat, FPR 
Rotary cleaner 
Eddyville food poisoning 
Eddyville food poisoning 











Isolate I7E was found to be weakly enterotoxigenic for 
dogs. Subsequent tests on pups confirmed its toxicity. This 
organism was lysed by phage Type 83A. In addition, other 
organisms were lysed by 83A. Two of the isolates found to be 
enterotoxigenic for dogs were obtained from the State Hygenic 
Laboratory in Iowa City. They were among five strains of 
staphylococci recovered from turkey meat following a food poi­
soning episode at Eddyville, Iowa, in I966, which resulted in 
about 300 persons being sick after a Thanksgiving Day dinner. 
The two isolates were each tested on single dogs. EY242 pro­
duced severe symptoms in the dog. Vomiting was observed with­
in 30 minutes after the toxin was introduced into the animal, 
and continued intermittently for 2 1/2 hrs. Unlike the other 
dogs tested, this animal required about 12 hrs. to recover 
fully. Both this isolate and EY230, which was also enterotoxi­
genic, had similar patterns which included Type 83A. It is 
difficult to say which, if any, of these strains caused the 
outbreak. However EY242 would appear to be a strong suspect 
in view of the severe reaction it caused in the dog. The three 
other isolates obtained from turkey meat following this out­
break, EY232, EY235, and EY240, were all negative. 
Of seven isolates tested which had the phage Types 6 and 
47 separately or combined with other types, only one was found 
to be enterotoxigenic (21Q). Admittedly, the sampling of 
organisms tested may not be an accurate representation of the 
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total collection of isolates, but these results do not confirm 
the findings of Munch-Petersen (I963). Instead, they seem to 
support the contention that phage patterns bear little rela­
tionship to the potential of S. aureus to form enterotoxin. 
One strain isolated from a roast was enterotoxigenic. 
Unlike rolls, turkey roasts are not cooked before sale. Hence, 
if conditions were to occur that could give rise to growth of 
such a strain, either at the retail level or in the home, before 
cooking, the possibility exists that sufficient toxin could be 
produced to cause a reaction after the food was consumed. 
Isolates (17E, 22R(ins)a, and RRl), when initially tested 
were found to give weak positive reactions. As a result, they 
were again tested on pups, using doses of 3*0 ml. Also, a 
fourth strain, 22R(ins)b was tested. A negative control con­
sisting of the growth medium was also employed. As Table 20 
shows, all four isolates were positive; emesis occurred within 
45-90 minutes. This test illustrated the sensitivity of the 
method with pups. 
In addition to high sensitivity, the dogs recover rapidly, 
are easy to handle, fairly inexpensive to maintain, and are 
usually available at reasonable cost. The use of dogs seems to 
offer a quick and reliable means of detecting enterotoxin. 
For the above reasons the dog is recommended as the animal of 
choice over cats. 
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F. Numerical Taxonomic Survey of Representative Coagulase 
Positive and Coagulase Negative Staphylococci 
1. Classification of 23 coagulase positive Isolates 
Twenty-three of the 25 Isolates studied were coagulase 
positive organisms, two were coagulase negative, catalase posi­
tive species. In addition, six Indicator strains were included 
in the study. Details concerning source, and phage type pattern 
are shown in Table 21. The justification for Including P. 
vulgaris in the study was based on the contention of Stewart 
and Patterson (I962) that it is difficult to differentiate this 
organism from coagulase positive staphylococci on Balrd-Parker's 
medium (Balrd-Parker, 1962b). Tables 26-30 in the Appendix 
summarize the properties determined for the 31 strains used in 
the investigation. 
The results from the tree sort program were arranged into 
a dendrogram automatically during the computer operations. A 
slightly rearranged dendrogram is shown in Figure 3- The 
dendrogram shown in Figure 3 consists of three major clusters, 
with the largest cluster being linked to the other two clusters 
by a single strain. These three clusters contain all of the 
coagulase positive staphylococci except isolate 9D (No. 8 in 
the dendrogram). 
The first cluster is comprised of two sub-clusters. The 
first sub-cluster consists of strains 9, 16, l4, 17, 19» 23, 
28.  
Figure 3- A dendrogram of the relationships of the strain 
of staphylococci and P. vulgaris studied. The 
dendrogram was derived from the tree sort pro­


































Three of the strains, l6, 1?, and 18, were enterotoxigenic 
for dogs. The sub-cluster containing these three organisms is 
a tight one, being delimited by the phenon level of $8^. 
However, as is indicated in Table 21, the phage type patterns 
of the organisms within this sub-cluster vary somewhat, Groups 
I, II, IV, and the miscellaneous group are represented. Phage 
types 4? and 83A are the most common. Two of the strains were 
not typable. 
The next sub-cluster within this main cluster consists of 
12 strains of coagulase positive organisms. Four of these 
strains were enterotoxigenic and consisted of S. aureus 230 
obtained from Dr. Hall, Robert Taft Engineering Center, P.H.S., 
and isolates l8, 24, and 30 which were determined to be entero­
toxigenic by the dog test. Four of 10 of these isolates were 
non typable and again the most common types present were 47> 
83A, and 75-
Wlthin the major cluster, seven of the nine enterotoxi­
genic strains were grouped together at a similarity level in 
excess of 96%. Three of these were grouped at a phenon level 
of 9^%' This indicated a high degree of physiological and 
morphological identity. Further, the association of the 
characteristics of the organisms with enterotoxigenicity is 
further strengthened by the finding that the known enterotoxi­
genic strain S. aureus 230 was also clustered with this group 
at a similarity level of 96%. 
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Table 21. Phage type patterns of the 24 coagulase positive 
strains isolated during this study and subjected 
to computer analysis 
Identifying No. Isolate 
on dendrogram designation Phage type pattern 
1 IA242 29/55/53/83A 
4 1B2(INS) 6/7/42D/47/53/54/77/80/83A 
5 54 N.T. 
6 3E 29/52/52A/80 
7 15Z 7/42D/47/52/53/55/75/83A 
8 9D 7/47/54/75 
9 6G 7/83A 
10 14R N.T. 
11 I6M 47/54/75/83A 
12 21H N.T. 
13 18D N.T. 
14 12Y N.T. 
15 20A 42D/42E/47/54/75/77 
16 22Q 187 
17 21Q 42D/47/53 
18 13N N.T. 
19 L6E N.T. 
20 82 7/29/47/54/75/83A 
21 ER9(IWS) N.T. 
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Table 21. (Continued) 
Identifying No. Isolate 
on dendrogram designation Phage type pattern 
23 HP 47/52/54/75/79/83A 
24 17E 83A 
26 i4z 6 
28 22N 47/83A 
30 ERl(INS) N.T. 
Strain 29, the neotype culture for S. aureus,links the 
next cluster of isolates 4, 5 and 6, to the main one just dis­
cussed. Isolates 4, 5 and 6 joined the neotype culture at a 
similarity level of 94^. 
The next cluster of organisms 12, and 13 are joined to the 
previous cluster at a similarity level of 92^. Both these 
strains, possibly by chance, were non typable. Strain IA242 
(No. 1 in the dendrogram) joined the other organisms at a 
phenon level of 88^. This strain was one of those suspected 
of being involved in the Eddyville food poisoning episode. 
Much of the difference between this strain and the other coagu-
lase positive organisms is attributable to its ability to 
produce acid from certain carbohydrates. On the basis of the 
features determined strains 9 and l4 were identical with l6 
and 17 respectively. No attempt was made however, to determine 
if the former pair were enterotoxigenic. Strains l6 and 17 
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were both enterotoxigenic. However, their phage type patterns 
differed distinctly, thus indicating the lack of correlation 
between phage type pattern and physiological and morphological 
identity. 
One coagulase positive strain, isolate 9D, produced 
typical growth on staphylococcus 110 medium with egg yolk and 
also a typical yellow pigment, was found to join the main clus­
ter at a similarity level of 82^. This organism was similar to 
the other isolates except that it was very active on the carbo­
hydrates tested and formed acid from most of them. Except for 
this strain, all the coagulase positive staphylococci were 
delimited by a phenon level of 88#. This level of similarity 
is high, and indicates a high degree of homogeneity. Hill 
(1959) stated that 20 strains of S. aureus he studied clustered 
at a phenon level of slightly less than 75%- In addition, S. 
saprophyticus, which corresponds to S. epidermidis, had a 
phenon level of about 55%. Pohja (I96O), in his study of I7I 
meat micrococci, showed that the species S. aureus formed a 
homogeneous group above a similarity level of about 60%. Both 
these delimiting values of 75% and 60% respectively are less 
than the 88# phenon level observed for the 22 coagulase posi­
tive isolates in this study. 
The S. epidermidis strain (No. 2 in the dendrogram) was 
well separated from the main cluster, joining in at the 80# 
phenon level, which indicated a fair degree of separation. 
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The two other strains, 3 and 2?, which were coagulase negative 
joined at a phenon level of 76^. No attempt was made to assign 
binomial combinations to these organisms. Strain 3> was cyto­
chrome oxidase positive and was negative for acid production 
from all except one of the sugars. Strain 27, however, was 
positive for acid production from 11 of the 20 carbohydrates 
tested, indicating some difference between these strains, 
despite apparent cl. u similarity. 
P. vulgaris (No. 31 on the dendrogram) differs from the 
other strains studied. It joined the other groups of organisms 
at a similarity level of 6ofo. It is unfortunate that this 
species is confused with 8. aureus on Baird-Parker's medium 
(Stewart and Patterson, I962), since it seems to be suffi­
ciently distinct to be of little or no concern even when it 
has to be considered macroscopically. 
2. Useful determinative features 
Table 22 shows a classification of the alternative states 
for some of the properties of the strains studied in the com­
puter analysis. 
Colony pigmentation appears to be useless as a diagnostic 
feature. This is in agreement with results of previous workers 
who have found that the property varied too much to be useful. 
(Clark et al., I96I; Jay, I962; and Mossel, I962). Ninety six 
percent of the strains utilized mannitol aeroblcally, whereas 
only 92^ utilized this substance anaeroblcally. This latter 
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Table 22. Percentage breakdown for the alternative states of 
properties of the coagulase positive staphylococci 
studied 
Alternative State of Existence 
Feature A B C D 







DNase 96.15 3.85 
Gelatin 69.23 30.77 
Hemolysis'^ 88.46 11.54 
^Alternative states represented as follows: A = Yellow; 
B = Gold; C = White; D = Straw yellow. 
^Alternative states represented as A = positive, 
B = negative. 
^Alternative state represented as A = B hemolytic, 
B = non hemolytic. 
figure is less than that found by Mossel who examined 389 strains 
and found that all of them fermented mannitol anaerobically. 
Desoxyribonaclease production was found in ^ 6.15% of the 
strains, but only 69^ of the strains were able to hydrolyze 
gelatin, a figure in distinct contrast with that of Mossel 
(1962). He found that 99*2^ of 389 strains were positive for 
this property. Slightly more than 88% of the strains were p 
hemolytic on bovine blood agar. 
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Based on these results and those of previous workers 
(Mossel, 1962; Cowan and Steel, I96I), the following properties 
are the most reliable criteria for determinative purposes: 
DNase production, anaerobic fermentation of mannitol, production 
of coagulase (which was used for primary isolation of strains 
S. aureus and g hemolysis on bovine blood agar. Although 96^ 
of the strains produced acid from mannitol aerobically, a 
figure well above the 80^ base suggested by Cowan and Steel 
(1961) as the minimum level of similarity required for a fea­
ture to be used as a diagnostic criterion, the property is un­
reliable since many coagulase negative staphylococci metabolize 
this alcohol, producing acid from it (Mossel, I962). 
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V. CONCLUSIONS 
The following conclusions may be made with regard to the 
presence of coagulase positive staphylococci on further pro­
cessed turkey products and in turkey processing plants. 
1. Little or no food poisoning hazard from staphylococci 
exists with the Western type turkey roll if the product is 
not mishandled subsequent to being processed; roasts if 
mishandled could support the growth of S_^ aureus present 
on the product, and constitute a distinct hazard. 
2. Coagulase positive staphylococci occur on the live bird, 
meat, equipment and personnel in processing plants. About 
one half of all items examined contain these bacteria. 
Many of these organisms, which are closely related taxo-
nomlcally and genetically, are apparently of human and/or 
food origin and are spread throughout the plant during 
processing operations. Predominant phage types found are 
generally associated with typical food poisoning 
staphylococci. 
3. The incidence of coagulase positive-staphylococci varies 
from station to station during processing, but is signifi­
cantly increased by only two stations in the further pro­
cessing room, namely the workers' hands and the chill tank 
water. Total aerobic counts do not appear to be correlated 
with the Incidence of coagulase positive staphylococci. 
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The use of gloves wherever convenient could reduce con­
tamination of the product and equipment significantly. 
The dog is recommended as the animal of choice for detec­
tion of enterotoxin produced by S. aureus. 
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VI. SUMMARY 
Ability to recover a coagulase positive staphylococcus, a 
coagulase negative staphylococcus and P. vulgaris was tested 
using four media. Statistical analyses revealed that the 
recovery of S. aureus with these media could be ranked in 
descending order of efficiency as follows: mannitol salt 
agar, sulfamethazine egg yolk tellurite gylcine pyruvate agar, 
and staphylococcus 110 medium with egg yolk and tellurite 
polymyxin egg yolk agar. For reasons of ease of preparation 
and counting, staphylococcus 110 medium with egg yolk was 
chosen for enumeration and detection of coagulase positive 
staphylococci in this investigation. 
Determinations were made of the total aerobes and inci­
dence and number of coagulase positive staphylococci on meat, 
equipment and personnel involved in the commercial preparation 
of turkey rolls and roasts. Swab and rinse samples were 
obtained in three federally inspected processing plants. 
Samplings were also made from the interior and exterior of 
rolls and roasts in the laboratory. Total aerobes were deter­
mined by pour and spread plate methods; coagulase positive 
staphylococci were detected by direct plating on to staphylo­
coccus 110 medium with egg yolk. Selected isolates of S. 
aureus were typed, tested for the production of enterotoxin 
using a dog test, and analyzed taxonomically with the aid of a 
digital computer. 
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Coagulase positive staphylococci were detected at several 
locations in the plants during each visit as well as on uncook­
ed final products. Ingredients and cooked rolls were found to 
be free of these organisms. 
From investigation of the incidence of S. aureus, and 
studies of enterotoxigenicity, no health hazard was found to 
exist in cooked rolls; roasts and raw rolls, however, harbored 
enterotoxigenic S. aureus strains and could be considered 
potentially hazardous. 
The hands of workers and the chill tank water in the 
further processing room contributed significantly to the in­
crease of S. aureus on the meat, equipment and final product. 
Fewer coagulase positive staphylococci and total aerobes 
were found on gloves than on the hands of workers. Median 
2 2 
counts for 8. aureus of l4.^/cm and 4.0/cm respectively were 
observed on external samples of raw rolls in two plants; 
internal samples yielded 5l/gni and 80/gm respectively. No 
staphylococci were observed on cooked rolls. 
Total counts varied from station to station, within 
plants, and from plant to plant. No general trend of increas­
ing aerobic counts on the carcasses of turkeys during pro­
cessing or on the equipment in the plant could be observed. 
There was no relationship between the incidence of coagulase 
positive staphylococci and total aerobes. The median count 
for total aerobes on the surface of raw rolls ranged from 
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^300/cm^ to 1^,500/ctii^ and from 4400/gm to 25l,000/gm in the 
2 interior. Roasts showed similar total counts, 4200/cm and 
42,500/gm, but the incidence of coagulase positive was sig­
nificantly less, 33^ as compared with approximately 70^ on 
rolls. 
The phage typing results in general were characterized by 
a high incidence of (a) non typable strains and (b) type 4? 
and various combinations of this type with other types of 
known food origin. More specifically, phage types recovered 
were of food and human origin. The phage type patterns indi­
cated that in Plant A the strains of S. aureus were of human 
origin, where as in Plants B and C, the staphylococci appeared 
to originate from food. 
A dog test for the presence of enterotoxin revealed that 
33^ of the strains tested were enterotoxigenic. All these 
organisms were isolated from the further processing room. 
There was marked taxonomic similarity among 23 coagulase 
positive strains of staphylococci isolated. Twenty-two of the 
isolates were grouped at a similarity level of 86^ or higher 
indicating a high degree of homogeneity within the species S. 
aureus. DNase production, anaerobic utilization of mannitol, 
production of coagulase and hemolysis of bovine blood agar, 
were determined to be the most reliable diagnostic properties. 
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Table 23. Analysis of variance of recoveries of (1) coagulase 
positive and (2) coagulase negative staphylococcus 
strains used in evaluating the selectivity of four 
media 
Source of Degree of Sum of Mean of S_ 
variation freedom Square square Y 
(1) 
Treatments 3 758.25 252.75 
Experimental error 8 17,516.67 2,189.58 
Total 11 18,274.92 27.02 <1®-
( 2 )  
Treatments 3 11,807.58 3,935-86 
Experimental error 8 9,669.67 1,212.08 
a 
Total 11 21,504.25 20.1 3.25 
®'Not significant. 
Table 24. Analysis of recoveries of P. vulgaris on selective 
media 
Ho: Ml = ^2 
Where = 67-33 = %2"^2 ^ 50.14 = Y 
= ^2 
88^ = 5298.67 
8S2 = 3229.52 
Variance = 2132.05 
8 = 37.795 
T = 67.33 - 50.14 _ 
37.795 
Conclude: = Hg 
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Table 25. Number of coagulase positive staphylococci in 
Plants A, B, C 
Plant 
A B C 






Carcass after evisceration 
Workers' hands 
Carcass in chill tank 
Further Processing Room 
Carcass after chilling 



















1/4 9/13 0/3 
2/4 9/12 2/3 
2/5 3/13 0/3 
5/5 9/23 2/2 
1/1 5/25 3/4 
2/6 4/13 1/3 
0/5 4/13 1/3 
3/6 1/13 1/3 
5/5 9/13 3/3 
1/2 1/13 1/3 
0/6 0/13 0/3 
3/6 5/13 1/3 
Table 25. (Continued) 
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Plant 
A B C  
Station (6 visits) (13 visits) (3 visits) 
Roll former 4/6 4/13 0/3 
Raw roll (outside) 1/2 9/12 2/2 
Raw roll (inside) 3/4 8/13 2/2 
Cooked roll (outside) 0/2 0/l3 0/2 
Cooked roll (Inside) 0/3 0/l3 0/2 
Packaging machine 2/4 6/13 O/l 
Table 26. Microscopic morphology and pure culture growth characteristics of the 
test organisms 
Culture number Shape Gram Motility Growth in broth Colony on agar plates 
(see Table 21 stain Surface Sediment Form Color 
p. 108) 
1 Coccus + - + Viscid Circular Straw yellow 
2 Coccus + - + Viscid Circular White 
3 Coccus + - + Viscid Circular White 
4 Coccus + - + Viscid Circular Straw Yellow 
5 Coccus + - - Viscid Circular Straw Yellow 
6 Coccus + 
-
+ Viscid Circular Yellow 
7 Coccus + - - Granular Circular Yellow 
8 Coccus + 
-
+ Viscid Circular Yellow 
9 Coccus + - + Viscid Circular Straw Yellow 
10 Coccus + - + Viscid Circular Straw Yellow 
11 Coccus + 
- -
Viscid Circular Yellow 
12 Coccus + 
-
+ Viscid Circular Yellow 
13 Coccus + - - Granular Circular Straw Yellow 
l4 Coccus + + Viscid Circular Yellow 
Table 26. (Continued) 
Culture number 












15 Coccus + - + Viscid Circular Yellow 
l6 Coccus + - + Viscid Circular Straw Yellow 
17 Coccus + - + Viscid Circular Yellow 
18 Coccus + - + Viscid Circular Straw Yellow 
19 Coccus + - + Viscid Circular Yellow 
20 Coccus + - + Viscid Circular Straw Yellow 
21 Coccus + - + Viscid Circular Yellow 
22 Coccus + - + Viscid Circular White 
23 Coccus + - + Viscid Circular Yellow 
24 Coccus + - - Viscid Circular Yellow 
25 Coccus + - + Viscid Circular Straw Yellow 
26 Coccus + - + Viscid Circular Yellow 
27 Coccus + - + Viscid Circular White 
28 Coccus + - + Viscid Circular Yellow 
29 Coccus + - + Viscid Circular Gold 
30 Coccus + 
-
+ Viscid Circular White 
31 Rod - + + Viscid Irregular White 
Table 27. Growth in 5^> 10^ and \S% sodium chloride; hemolysis of blood agar; 
hydrolysis of tyrosine casein, gelatin, starch and urea; production 
of indole 
Culture Sodium chloride 
number 10^ 15^ 20^ Hemolysis Tyrosine Casein Gelatin Starch Urea Indole 
1 + - - Nonhemolytic — — - -
2 + + + P hemolytic -h — - -
3 + + - Nonhemolytic + + + 
4 + + . - P hemolytic — — - + 
5 + + - p hemolytic — + - -





7 + + - P hemolytic — + - + 
8 + + 
-
P hemolytic + 
-
+ 
9 + + - P hemolytic — 4- - + 
10 + + - P hemolytic 4- - + 
11 + + + P hemolytic — + - -
12 + + - P hemolytic - - -
13 + + + p hemolytic — + - -
14 + + + P hemolytic + 
- -
15 + + + P hemolytic — — — -
Table 2?. (Continued) 
Culture Sodium chloride 
number 10^ 15% 20% Hemolysis Tyrosine Casein Gelatin Starch Urea Indole 





17 + + - P hemolytic - - + - -
18 + + - P hemolytic - - + - -
19 + + - P hemolytic - - - + -
20 + + + P hemolytic - + 4- + -
21 + + - P hemolytic - - + - -
22 + + - P hemolytic - - - + -
23 + + — p hemolytic - + + - -
24 + + + nonhemolytic - - + - -
25 + + - P hemolytic - - + - -
26 + + - p hemolytic - + + - -
27 - - - nonhemolytic - + - - -
28 + + - P hemolytic + - + - -
29 + + - P hemolytic - + + - -
30 + + P hemolytic - - + - -
31 + - - P hemolytic + - + + + 
Table 28. Production of nitrate, hydrogen sulfide, and cytochrome oxidase; 
reactions of litmus milk; production of coagulase, and the appearance 
of typical growth on staphylococcus 110 agar with egg yolk added 
Typical growth 
Culture Hydrogen Cytochrome Reduction Coagulation on staph 110 
number Nitrate sulfide oxidase of litmus of milk Coagulase with egg yolk 
1 + - - + Curd + + 
2 + - - - Curd - -
3 + - + - - - -
4 + - - - - + + 
5 + - - - - + + 
6 + - - + Curd + + 
7 + - - + Curd + + 
8 + - - + Curd + + 
9 + - - + Curd + + 
10 + - - + - + + 
11 + - - + - + + 
12 + - - - - + + 




+ Curd + + 
15 + _ _ + + + 
Table 28. (Continued) 
Typical growth 
Culture Hydrogen Cytochrome Reduction Coagulation on staph 110 
number Nitrate sulfide oxidase of litmus of milk Coagulase with egg yolk 
16 + — — + Curd + + 
17 + — + Curd + + 
18 + — 4- - + + 
19 + — — + Curd + + 
20 + — + Curd + + 
21 + — + Curd + + 
22 + + - + + 
23 + — — + Curd + + 
24 + + - + + 
25 + — + Curd + + 
26 + — + Curd + + 
27 — — — + Curd - -
28 + — + - + + 
29 + — — + Curd + + 
30 + — + Curd + + 
31 + + + Curd — — 
Table 29. Resistance to thionin, basic fucshin, and methylene blue; production of 
DNase; growth in ammonium phosphate; production of acetyl methyl carbinol, 
and gas from glucose; anaerobic utilization of mannitol 
Growth in Acetyl Gas Anaerobic 
Culture Basic Methylene Production ammonium methyl from utilization 
number Thionin fuchsin blue of DNase phosphate carbinol glucose of mannitol 
1 -h - - + + + - -
2 + - - - + - - -
3 - - - - + + - + 
4 + - - + + - - -
5 + - - + + + - -
6 + - - + + - — + 
7 + - - + + - - + 
8 + - - + + + - + 
9 + - - + + • + - + 
10 + - - + + + - + 
11 + - - + + - - + 
12 - - - + + - - + 
13 + - - + + + - + 
14 + - - + + + - + 
15 + - - + + - - + 
16 + + + + + 





















17 + — - + + + - + 
18 + - - + + - - + 
19 + - - + + + - + 






22 + - - + + + - + 
23 + - - + + + - + 
24 + - - + + - - + 
25 + - - + + - - + 
26 + - - + + + - + 
27 + - - + + + - + 
28 + - - + + + - + 
29 + - - + + - + 
30 + - - + + - - + 
31 + + + + - - + -
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